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This is the first of two volumes that replace An Introduction to Microcomputers: Volume 2 — Some Real Pro- 
ducts. This volume describes microprocessors and dedicated support devices. Volume 3 describes general sup- 
port devices. 

We define a "dedicated" support device as one best used with its parent microprocessor. We define a 
"general" support device as one which can be iised with any microprocessor. 

Unfortunately, categorizing support devices as "dedicated" or "general" is not always straightforward. Cer- 
tainly IM6100 and TMS9900 support devices have CPU interfaces which are peculiar to the parent 
microprocessor, so using them with other microprocessors makes little sense. Most MC6800 microprocessor 
support devices are also considered dedicated because they use the MC6800 clock signal. This clock signal is 
automatically generated by an MC6800 microprocessor or its clock device. It can be derived quite inexpen- 
siveiy in other microcomputer systems: nevertheless, we include MC6800 support devices in Volume 2, 
because in our opinion the added clock logic is not compensated for by any performance capabilities over and 
above those which you would find in a competing device that did not require the added ciock logic. 

When reading Voiumes 2 and 3, therefore, you should bear in mind that we have had to be subjective when 
deciding whether some parts should be described in Volume 2 or Volume 3. Dp not automatically use support 
parts described in Volume 2 without checking equivalent parts described in Volume 3. Conversely, there rhay 
be instances where your application is bettor served by a support device described in Volume 2. In general, you 
can look upon Volume 3 support devices as CPU-independent, while Voliime 2 devices are CPU-dependent. 

In order to cope with the rapid evolution of new parts. Volumes 2 and 3 have been printed loose-leaf. Each 
volume will have six updates per year, appearing at bimonthly intervals. For Volume 2, updates will appear in 
November, January, March, May, July and September. Each Septerinbor the entire book will be reprinted, in- 
ciuding the past year's updates. If you have inserted your updates, you wiil not need to buy a new book next 
year. For your convenience, an order form may be found at the back of this book. 

SIGNAL CONVENTIONS 

Signals may be active high, active low or active in two states. An active high signai is one which, in the high 
state, causes events to occur, while in the iow state has no significance. A signal that is active low causes 
events to occur when in the low state, but has no significance in the high state. A signal that has two active 
states wiil cause two different types of events to occur, depending upon whether the signal is high or low; this 
signal has no inac tive state. Within this book a signal that is active low has a bar placed over the signal name. 
For example, WR identifies a "write strobe" signal which is puised low when data is ready for external logic to 
receive. A signal that is active high or has two active states has no bar over the signal name. 

TIMING DIAGRAM CONVENTIONS 

Timing diagrams play an important part in the description of any microprocessor or support device. Timing 
diagrams are therefore used extensively in this book. All timing diagrams observe the following conventions: 

1) A low signal level is equivalent to no voltage. A high signal level is equivalent to voltage present: 



Voltage present 
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2) A single signal making a low-to-high transition is illustrated like this: 



states that one or more of the parallel signals change level, but the transition (high-to-low or low-to-high) is 
unspecified. 

5) A three-state single signal is shown floating thus; 



floating 


6) A three-state bus containing two or more signals is shown floating thus: 



floating 

7) When one signal condition triggers other signal changes, an arrow indicates the relationship as follows: 

Condition 
here 



Causes 

change 

here 

Thus a signal making a low-to-high transition would be illustrated triggering another signal making a high-to-low 
transition as follows: 
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8) When two or more conditions must exist in order to trigger another logic event, the following illustration is used: 


These 

conditions 


cause 

change 

here 

Thus a low-to-high transition of one signal occurring while another signal is low would be illustrated triggering a 
third event as follows: 




9) When a single triggering condition causes two or more events to occur, the following illustration is used: 


This 

condition 


causes 

these 

changes 


Thus a low-to-high transition of one signal triggering changes in two other signal levels would be illustrated as 
follows: 



1 0) All signal level changes are shown as square waves. Thus rise and fall times are ignored. These times are given in 
the data sheets which appear at the end of every chapter. 

INSTRUCTION SET CONVENTIONS 


Every microcomputer instruction set is described with two tables. One table identifies the operations which oc- 
cur when the instruction set is executed, while the second table defines object codes and instruction times. 

Because of the wide differences that exist between one instruction set and another, we have elected not to 
use a single set of codes and symbols to describe the operations for all instructions in all instruction sets. We 
believe any type of universal convention is likely to confuse rather than clarify: therefore each instruction set 
table is preceded by a list of symbols as used within that table alone. 

A short benchmark program is given to illustrate each instruction set. Some comments regarding benchmark 
programs in general are, however, in order. We are not attempting to highlight strengths or weaknesses of 
different devices, nor does this book make any attempt at comparative analyses, since the criteria which make 
one microcomputer better than another are simply too dependent on the application. 
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ATTENTION WRITERS 

Osborne & Associates is seeking qualified contributors to future updates of Volumes 2 and 3. 
Qualified contributors must have an excellent technical background, they must be able to write clearly, 
and they must be unaffiliated with any manufacturer of semiconductor devices. Faculty at universities 
are particularly welcome as contributors. 

A contributor, when selected, will be assigned a specific category of parts to keep updated. Keep- 
ing parts updated will include describing new parts iri the category as they appear, and improving the 
description of parts that are already covered. 

If you would like to become a contributor to Volume 2 and/or Volume 3, please write stating your 
qualifications and the categories of parts that you believe you could cover competently. If possible, send 
us a sample of your work; we suggest two or three pages of a part description following the format pre- 
sented in these books as closely as possible. Send material to: 

OSBORNE & ASSOCIATES, INC. 

P.O. Box 2036 

Berkeley, California 94702 

Attention: Volume 2/3 Contributors 
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Chapter 1 

4-BIT MICROPROCESSORS AND THE TMS1000 
SERIES MICROCOMPUTERS 


The earliest microprocessors were all 4-bit devices; that is to say, data was operated on in 4-bit units, frequently refer- 
red to as "nibbles". Early microprocessors were 4-bit devices simply because the concept of an LSI CPU was am- 
bitious enough; starting with an 8-bit CPU would have been foolhardy. 

But LSI technology has advanced so rapidly that there is an inconsequential difference between the cost of manufac- 
turing an 8-bit CPU chip as against a 4-bit chip. Manufacturers attempted to maintain an artificial price differential bet- 
' ween their 4-bit and 8-bit CPUs in order to prolong the life of the 4-bit product; but the pressure of competition has all 
but extinguished these price differentials — with the result that the 4-bit microprocessor is a dying product. Price is the 
only advantage that 4-bit microprocessors offer when compared to the more capable 8-bit microprocessor. 

Early 4-bit microcomputers included such devices as the Intel 4004 and 4040 and the National Semiconductor IMP-4. 
These early 4-bit microcomputers require package counts that exceed typical 8-bit microcomputers that are now 
available; therefore the economics of today dictate that the Intel 4004, the Intel 4040 and the IMP-4 offer less 
capability for more money. Only the most unusual application could be more economically implemented using one of 
these three 4-bit microcomputers, rather than a simple 8-bit device such as the 3870, COSMAC, 8048, or one of the 
38-pin MCS6500 series CPUs. We consider the Intel 4004, the Intel 4040 and the IMP-4 to be obsolete devices; 
therefore they are not described. 

It is interesting to note that even though these three 4-bit microcomputers are obsolete, they will continue to have a 
significant market for many years to come, based on products that were designed around them before they became ob- 
solete. The fact that they are obsolete simply means that, were you to design a new product today, you would be better 
off using one of the simple 8-bit microcomputers. That does not mean it would be economical to redesign a product 
that already exists, simply to take advantage of more recent microcomputer developments. The cost of re-engineering 
around a new microcomputer will likely overwhelm any savings that may accrue. 

The TMS1000 series microcomputer devices, initially manufactured by Texas Instruments, are still econom- 
ically very viable — even though they are 4-bit devices. This is because the TMS1000 is a one-chip microcom- 
puter. ROM, RAM, CPU and I/O logic are all provided within a single package. The low cost associated with the 
single-chip TMS1000 microcomputer package makes this the product of choice for a large number of simple ap- 
plications that can be accommodated within the logical confines of the TMS1000. 

In reality, the TMS1000 is a family of six 4-bit microcomputers whose differences are summarized in Table 1-1. 
The various microcomputers are sufficiently similar for us to describe them together. PMOS and CMOS versions 
are now available. Some CMOS versions manufactured by Motorola have the part number MCI 41 000. 


Table 1-1. TMS1000 Series Microcomputer Summary 



TMS 

1000 

TMS 

1200 

TMS 

1070 

TMS 

1270 

TMS 

1100 

TMS 

1300 

TMS 

1000C 

TMS 

1200C 

MC 

141000 

MC 

141200 

Package Pin Count 

28 

40 

28 

40 

28 

40 

28 

40 

28 

40 

ROM Program Bytes* 

1024 

1024 

1024 

1024 

2048 

2048 

1024 

1024 

1024 

1024 

RAM Data Nibbles'* 

64 

64 

64 

64 

128 

128 

64 

64 

64 

64. 

R Signal Outputs 

11 

13 

11 

13 

11 

16 

10 

16 

11 

16 

0 Data Outputs 

8 

8 

8 

10 

8 

8 

8 

8 

8 

8 

Maximum Rated Voltage 

20 

20 

35 

35 

20 

20 

6 

6 

6.5 

6.5 

Typical Power Dissipation 

15V/ 

15V/ 

15 V/ 

15 V/ 

15 V/ 

15V/ 

5V/ 

5V/ 

5V/ 

5V/ 


90mW 

90mW 

90mW 

90mW 

90mW 

90mW 

15mW 

5mW 

2.5mW 

3V/ 

0.5mW 

2.5mW 

3V/ 

0.5mW 


*A Byte is eight bits *'A Nibble is four bits 
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Figure 1-1 illustrates that part of our general microcomputer system logic which is implemented by the 
TMS1000 series microcomputers. This figure is deceptive, since it would be hard to compare the primitive I/O 
capabilities of the TMS1000 with a device such as the 8255 Programmable Peripheral Interface device, which 
is described in Volume III. Nevertheless, Figure 1-1 does indicate the logic which is provided by a TMS1000 
series microcomputer, albeit in a primitive form. 





Logic to Handle 
Interrupt Requests 
fronn 

External Devices 


Arithmetic and 
Logic Unit 


Accumulator 

RegisteKs) 


Instruction Register 


Data Counterls) 


Control Unit 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Bus Interface 
Logic 


Interrupt Priority 
Arbitration 


Program Counter 


I/O Communication 
Serial to Parallel 
Interface Logic 


I/O Ports 
Interface Logic 


Read 'Write 
Memory 


Programmable 

Timers 


I/O Ports 


t. 

Figure 1-1. Logic of theTMSIOOO Series Microcomputer 


The fact that the TMSIOOO series microcomputers are single-chip devices has a number of secondary, non-ob- 
vious implications. Most iirlportant of all, there are no such things as support devices. The 1 024 or 2048 bytes of ROM 
represent the exact amount of program memory which will be present; there can be neither more nor less. Similarly, 
the 64 or 128 nibbles of RAM cannot be expanded. Direct memory access logic is not present — and its presence 
would make very little sense anyway; with the small total ROM and RAM memory available, there simply is not the op- 
portunity to transfer blocks of data long enough to warrant bypassing the CPU. 

Interrupts, similarly, would be of marginal value to a TMSIOOO microcomputer. Given the small amount of program 
memory available and the very low cost of the package, it would be hard to justify the complexities of interrupt logic, 
simply to have the microcomputer perform more than one task. 

All devices of the TMS1 000 microcomputer family are implemented using PMOS technology. Selected CMOS parts are 
also available. 
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A single -15V power supply is required for PMOS parts. CMOS parts use power supplies in the range -t-3V to -f6.5V. 

The fastest clock frequency which can drive a TMS1000 series microcomputer has a 2.5 microsecond cycle time. All in- 
structions execute in six clock cycles, or 15 microseconds; but beware of making direct execution speed comparisons 
between the TMS1000 and the 8-bit microcomputers which are described next. A TMS1000 program will usually be 
considerably longer than the 8-bit microcomputer equivalent because the TMS1000 instruction set is more primitive: 
but this is not always true. It is possible for the TMS1000 instruction set to equal or surpass many 8-bit 
microprocessors, in terms of instruction efficiency, for certain control applications. 

The prime manufacturer of the TMS1000 is: 

TEXAS INSTRUMENTS, INC. 

P.O. Box 1443 
Houston, Texas 77001 

A second source for CMOS parts with MC14xxxx part numbers (see Table 1-1) is: 

MOTOROLA INCORPORATED 
CMOS Products Division 
3501 Ed Bluestein Blvd. 

Austin, Texas 78721 


TMS1000 PROGRAMMABLE REGISTERS 

TMS1000 programmable registers may be illustrated as follows; 


[ 


I 


4-bit Accumulator 

2- or 3-bit X register ) . -j u , r, * 

” V 6- or 7-bit Data Counter 

4-bit Y register ’ 

6-bit Program Counter \ 

4-bit Page register > 10- or 11 -bit Program Counter 

1-bit Chapter flag (optional) ) 

6-bit Subroutine Return register 
4-bit Page Buffer register 


Apart from being only four bits wide, the Accumulator is a typical primary Accumulator. It is the principal source and 
destination for data that is being operated on. 
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Taken together, the X and Y registers constitute a 6- or 7-bit Data Counter which addresses the 64 or 128 nibbles 
of RAM. The X register is two or three bits wide and the Y register is four bits wide. Since the X and Y registers are in- 
deed separate and distinct registers, RAM is effectively divided into four or eight pages, each of which is 16. nibbles 
long. A four-page RAM may be illustrated as follows: 



Page 0 


Page 1 


Page 2 


Page 3 


The Y register, in addition, serves as a secondary Accumulator and an output Address register. We will describe 
its use as an output Address register shortly. 

Those TMS1000 series microcomputers that provide 128 nibbles of RAM have a 3-bit X register. RAM is then divided 
into eight 16-nibble pages. 

The Program Counter and Page Address register, taken together, constitute a 10-bit Program Counter. They are, 
in reality, separate and distinct registers, with the result that program memory is divided into sixteen 64-byte pages. 

Those TMS1 000 microcomputers that provide 2048 bytes of program memory have an additional 1-bit flag, 
referred to as Chapter Logic, which is used to select one of two alternate 1024-byte ROM chapters. 

The Subroutine Return register is simply a buffer for the Program Counter register. Similarly, TMS1 000 
the Page Buffer register is a simple buffer for the Page Address register. These two buffer SUBROUTINES 

registers allow the TMS1000 a single level of subroutine call logic. When a subroutine is called, 
the contents of the Page Address and Page Buffer registers are exchanged, the Program Counter register contents are 
moved to the Subroutine Return register, and a new value provided by the subroutine Call instruction is loaded into the 
Program Counter, This may be illustrated as follows; 



Subroutine Return register 
Page Buffer register 
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TMS1000 MEMORY ADDRESSING MODE 

TMS1000 microcomputers have separate and distinct program and data memories. There are no instructions 
capable of writing into program memory, and data memory cannot contain instruction object codes. 

Data memory is accessed using implied addressing. The X and Y registers combine to serve as a Data Counter; we 
have just described this use of the X and Y registers. 

Only subroutine Call instructions and Branch instructions address program memory. These instructions address 
program memory using variations of absolute, paged direct addressing. 


We have already illustrated the addressing logic of a subroutine call. 

A Branch instruction loads the Program Counter with a new address, which is provided by the instruction, just as a Call 
instruction does. If the Branch instruction occurs in a subroutine — that is, in the sequence between a subroutine Call 
instruction and a subroutine Return instruction — the Page Address register will not be affected. However, execution 
of a Branch instruction outside a subroutine will load the Page Address register from the Page Buffer register. The two 
types of program branches may be illustrated as follows: 



'Instruction object code 



TMS1 000 STATUS FLAGS 

The TMS1000 series microcomputers have a single status flag which combines to serve as a Carry status and a 
simple logic decision status. All Branch and subroutine Call instructions are conditional; the Branch or subroutine 
Call occurs only if the status flag is 1. 

The unique feature of the status flag as compared to most status logic is that its passive level is high (1). If an instruc- 
tion causes the status flag to be reset to 0. it will revert to 1 after a single instruction cycle: 



Instructions that test the condition of the status flag must directly follow the instruction which modifies the level of the 
status flag. 

TMS1 000 INPUT AND OUTPUT LOGIC 

The only data input to a TMS1000 series microcomputer occurs as 4-bit nibbles, referred to in Texas Instru- 
ments literature as K inputs. Instructions that access the K inputs simply input whatever signal levels exist at the time 
of the access. 

TMS1000 series microcomputers output data referred to as O outputs, and control signals referred to as R out- 
puts. 
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There are eight data or 0 outputs: but they are created in an unusual way. 0 output logic receives, as inputs, the con- 
tents of the Accumulator, plus the status flag. These five data bits create the eight 0 output signals according to a 
matrix which you must define when you order the TMS1000 microcomputer. This may be illustrated as follows: 



0 outputs 


As the illustration above would imply, the five inputs select 32 of the possible 256 signal combinations which can be 
output via the eight 0 outputs. 

The control R outputs are treated as 1 1, 13 or 16 single control signals. Refer to Table 1-1, which identifies the number 
of R output signals available with each of the TMS1000 series microcomputers. You can set or reset R output signals 
individually. The Y register is used to identify the individual R signal which is being set or reset. 

TMS1000 SERIES MICROCOMPUTER PINS AND SIGNALS 

Figures 1-2 through 1-7 illustrate the pins and signals of the TMS1000 series microcomputers. Note that the 
TMS1000 and TMS1 100 microcomputers have identical pins and signals. Since signals are consistent for the entire 
family of microcomputers, they will be described together. 

The four data inputs are provided by K1, K2, K4 and K8. We would name these signals DIO, Dll, DI2 and DI3 to be 

consistent with common microcomputer terminology: however, Texas Instruments literature uses the signal names K1, 
K2, K4 and K8 to represent the binary level of each signal. 
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Pin Name 

Description 

Type 

K1, K2, K4, K8 

Data input 

Input 

00-07 

Data output 

Output 

RO- R12,R13-R15 

Control output 

Output 

OSC1, OSC2 

Timing 

Input 

INIT 

Power on reset 

Input 

Vdd- Vss 

Power and Ground 



Figure 1-3. TMS1200 and MCI 41 200 Microcomputer Signals and Pin Assignments 



Pin Name 

Description 

Type 

K1, K2, K4, K8 

Data input 

Input 

00-07 

Data output 

Output 

RO - RIO 

Control output 

Output 

OSC1, OSC2 

Timing 

Input 

INIT 

Power on reset 

Input 

Vdd- Vss 

Power and Ground 



Figure 1-4. TMS1070 Microcomputer Signals and Pin Assignments 
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Figure 1-5. TMS1270 Microcomputer Signals and Pin Assignments 



Figure 1-6. TMS1100 Microcomputer Signals and Pin Assignments 
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Pin Name 

Description 

Type 

K1, K2, K4, K8 

Data input 

Input 

00-07 

Data output 

Output 

RO- R15 

Control output 

Output 

0SC1, 0SC2 

Timing 

Input 

INIT 

Power on reset 

Input 

Vdd. Vss 

Power and Ground 



Figure 1-7. TMS1300 Microcomputer Signals and Pin Assignments 


The O outputs are provided by 00 • 07, or. in the case of the TMS1270, 00 - 09. 

The R outputs occur at RO - R15, or some smaller number of R outputs, depending on the microcomputer. 

0SC1 and 0SC2 are timing inputs and outputs. A number of timing options are provided. All TMSIOOO series 
microcomputers contain internal clock logic which you can access in conjunction with an external RC circuit as 
follows: 



You can also input an externally created clock signal at 0SC1, in which case 0SC2 must be connected to ground (Vss)- 
When you have more than one TMSIOOO series microcomputer in a configuration, it is a good idea to synchronize the 
many microcomputers by driving them with a single clock signal. 

INIT is a power on reset signal. Following power on. INIT should be input high (Vss) for at least six consecutive clock 
cycles. The Reset operation stores binary ones in the Page Address register and the Page Buffer register. The 0 outputs, 
the R outputs and the Program Counter are all zeroed. Thus, the first instruction executed will have the hexadecimal 
address 3COi0. 



Program Counter 


3 C 0 
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TMS1000 SERIES MICROCOMPUTER INSTRUCTION EXECUTION 

No rriicrdcomputer described in this book has simpler instruction execution timing than the TMS1000 series. All in- 
structions generate one byte of object code. There are no two- or three-byte object codes. Similarly, every instruc- 
tion executes in a single machine cycle, as timed by the system clock. 

TMS1 000 SERIES MICROCOMPUTER INSTRUCTION SET 

There are variations in the instruction sets of the different microcomputers in the TMS1000 series. However, the 
different instruction sets are similar enough for us to describe them all in Table 1-2. As compared to similar tables 
for other microcomputers in this book. Table 1 -2 has an additional column which identifies the instructions which are 
available with each of the TMS1000 series microcomputers. 

Within the confines of a single-chip microcomputer, the instruction set defined in Table 1-2 is both powerful and effec- 
tive. It would be easy to point out instruction set features which, from a programmer’s point of view, are undesirable: 
however, the TMS1000 series microcomputers are oriented to digital logic. The TMSIOOO is not a product that gets 
programmed; rather, its instruction set is a means of defining an optional portion of the ROM mask. Within this context, 
the instruction set is very adequate. Note that, since you are dealing with a single-chip microcomputer, there is 
nothing to prevent you from redefining the Control Unit and thus creating your own instruction set. 

THE BENCHMARK PROGRAM 

The benchmark program we are using throughout this book in order to exercise the various microcomputer instruction 
sets is essentially meaningless in any TMSIOOO application. Given 64, or at most, 128 nibbles of RAM, the whole con- 
cept of moving data among tables is meaningless. We therefore simplify the problem and look upon lOBUF as external 
logic. Instead of reading from lOBUF, we will input K data. We will assume that each block of K data is preceded by a 
nibble which defines the number of data nibbles to follow; 



K1 

K8 


n data nibbles 
follow 


Thus, each block of data that 

is input must be fifteen nibbles or less in length. 

LDX 

TBHl 

LOAD TABLE PAGE ADDRESS 

TKA 


INPUT FIRST K NIBBLE. IT EQUALS DATA NIBBLE TO FOLLOW 

TAY 


MOVE TO Y. XY NOW ADDRESSES END OF TABLE 

LOOP TKA 


INPUT NEXT DATA NIBBLE 

TAM 


SAVE IN MEMORY 

DYN 


DECREMENT Y 

BR 

LOOP 

IF Y NOT 0. RETURN FOR NEXT NIBBLE 


Symbols are used in Table 1-2 as follows: 

Registers; 

A - Accumulator 

X,Y - Data Counter. Y also serves as an output address. 

PC - Program Counter 

PA - Page Address register 
CF - Chapter Flag (one bit) 

SR - Subroutine Return register 

PB - Page Buffer 

Statuses: 

ST - The Status Flag 

C - The status flag reflects a Carry. That is, it is set if there is a Carry from the most significant bit 
(MSB), and reset otherwise. 

NE - The status flag reflects "not equal". That is, it is set if the compared bits are not equal, and reset 
if they are equal. 
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Inputs and Outputs: 

K - the four input lines 
0 - the five-bit Output register 

R - the control outputs 

bb Two bits in the object code which specify one of the four bits of a RAM location: 



b Operand which specifies one bit of a RAM location 

data 2. 3, or 4 bits of immediate data 

label Destination of Branch instruction (6 bits of direct address in the object code) 

R([Y]) The control output line specified by the contents of the Y register. 

X , One bit of immediate data or direct address in the object code. 

[X](MSB) The most significant bit of the X register 

[[X.Y]] The contents of the RAM location addressed by the contents of the Data Counter. 

[[X.Y]](b) The specified bit of the RAM location addressed by the contents of the Data Counter. 

[ ] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, 

then the designated register’s contents are specified. If K or R is enclosed within the brackets, then the 
data at the inputs or control outputs is specified. 

^ ► Data is transferred in the direction of the arrow. 

* — ► Data is exchanged between the two locations designated on either side of the arrow. 

Where two object codes are given, the first is the code used in the TMS1000, TMS1200, TMS1070, and TMS1270, 
while the second is the object code used in the TMS1 100 and TMS1300. 

X in one of the rightmost three columns means that the instruction is implemented on the designated TMS1000 device. 
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Table 1-2. TMS 1000 Series Instruction Set Summary 



mnemonic 


STATUSES 


OBJECT 

TMS 1000 
TMS1200 

TMS1100 

MCI 41 000 

TYPE 

OPERAND 


OPERATION PERFORMED 




m 

ig 

CODE 

TMS1070 

TMS1300 

MC141200 




■a! 



TMS 1270 




KNEZ 


m 

X 

If [K] ^0, ST — 1 

09 

X 


X 






Set status only if data on Input lines is not Q. 

OE 


X 



TKA 




[K]-[A] 

08 

X 

X 

X 






Load Accumulator with data on input lines. 






SETR 




R([Y]) — 1 

OD 

X 

X 

X 

O 





Set R output addressed by contents of Y. 






RSTR 




R(tY])— 0 

OC 

X 

X 

X 






Reset R output addressed by contents of Y. 






TOO 




[01— ([A],ST) 

OA 

X 

X 

X 






Transfer data from Accumulator and status flag to the 0 outputs. 






CLO 




[01— 00„ 

OB 

X 


X 




■ 


Clear the 0 Output register. 





>• 

TAM 


n 

■ 

[A1-[[X,Y11 

03 

X 


X 

° ... 





Store Accumulator to RAM location addressed by contents of XY Data Counter. 

27 


X 


« UJ 

2 o 

TMY 



m 

([X.Y]]-[Y] 

22 

X 

X 

X 

^ z 

2 UJ 




■ 

Load Register Y from RAM. 






TMA 




[[X,Y]]-[A1 

21 

X 

X 

X 

<ul 





Load Accumulator from RAM. 





s« 

XMA 




[[X,Y]]< -[A] 

2E 

X 



E 





Exchange contents of RAM location addressed by Data Counter XY with those of 

03 


X 

X 

a. 



■ 

■ 

Accumulator. 




ui 

TAMIY 

■■■j 

■ 

■ 

[A]-[[X,Y11: [Y]-[Y] + 1 

20 

X 


X 

a i 





Store Accumulator to RAM and increment contents of Y register. 





o s; 

5 S S 

TAMIYC 


H 


[A]— [[X,Y]1; [Yl— [Y]+1;ST— C 

25 


X 




1 

■ 

Store Accumulator to RAM and increment contents of Y register. Set status flag 
only if there is a carry. 





^ Z CC 

Z UJ ui 

K. OC P 
tt S 2 

TAMDYN 




[Al— [[X.Y]]; [Yl — [Y]-1:ST— C 

24 


X 


< UJ C9 

^ GC U 



m 

1 

Store Accumulator to RAM and decrement contents of Y register. Set status flag 





cc » 





only if there is no borrow. 





“• ? 

TAMZA 


H 

I 

TA]-[[X,Y]]; [Al-0 

04 

X 



5 



■ 

H 

Store Accumulator to RAM and then clear Accumulator. 

26 


X 

X 


AMAAC 

HH 

D 

■ 

lAl— [[X,Y]]+ [A]; ST— C 

25 

X 


X 




H 


Add contents of RAM location to those of Accumulator. Set status flag only if 

06 


X 


n h* 

^ < 



H 


there is a carry. 





2 UJ oe 
u o u 

SAMAN 


D 


[A]-I[X,Y]]-[A]: ST-C 

27 

X 


X 

s z Ol 

>. s ° 



H 

■ 

Subtract Accumulator contents from those of RAM location. Set status flag only 

3C 


X 


1 £ > 





if there is no borrow. 





° ^ 9 
z ® S 

O UJ 

IMAC 


B 

■ 

[A]-[[X,Y]]+1:ST-C 

Load contents of RAM location to Accumulator and increment. Set status flag 

28 

3E 

X 

X 

X 

o s 

UJ £ 

V) 


1 

1 

1 

only if there is a carry. RAM contents are unchanged. 
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Table 1-2. TMS1000 Series Instruction Set Summary (Continued) 





STATUSES 


OBJECT 

TMS1000 

TMS1200 

TMS1100 

MC141000 




B 



CODE 

TMS1070 

TMS1270 

TMS1300 ■ 

MCI 41 200 

UJ 

OMAN 


B 

■ 

[A]-[[X,Y]]-1:ST-C 

2A 

X 


X 

O 





Load contents of- RAM location to Accumulator and decrement. Set status flag 

07 


X 


UJ 



■ 


only if there is no borrow. RAM contents are unchanged. 





UJ ^ 

ALEM 




If tA] « [[X.Y]], ST — 1 

29 

X 


X 

111 



H 


Set status flag only if Accumulator contents are less than or equal to those of 

01 


X 


c < ~ 
N. cc Q 



■ 


RAM location addressed by Data Counter XY. 





gSS 

MNEA 


■ 


If [[X.Y]] it [A], ST — 1 

00 


X 


zoo 

MNEZ 


1 

1 

Set status flag only if contents of RAM location are not equal to those of Ac- 
cumulator. 

If [(X,Y]] y!0. ST — 1 

26 

X 


X 

>- S o 



■ 


Set status flag only if contents of RAM location are hot equal to zero. 

3F 


X 



SBU 


■ 


[[X.Y]]{b)— 1 

OOnOObb 

X 

X 

X 

z 



■ 


Set specified bit of RAM location addressed by contents of Data Counter XY. 





O 

RBIT 


■ 

■ 

[[X.Y]Kb)— 0 

OOllOIbb 

X 

X 

X 

UJ 



■ 

■ 

Reset specified bit of RAM location addressed by contents of Data Counter XY. 






TBtTI 


■ 

D 

ST-I[X,YlKb) 

OOinObb 

X 

X 

X 




1 

B 

Test specified bit of RAM location and set status flag only if the bit is set. 






TCY 

data 

n 

■ 

(Yl— data 

OlOOxxxx 

X 

X 

X 

UJ 





Load Register Y immediate. 





< 

TCMIY 

'data 

II 

1 

[tX,Y]l— data: [Yl- tY] + 1 

OIIOxxxx 

X 

X 

X 

UJ 





Load RAM location immediate and increment contents of Register Y. 





S 

LDX 

da^ 



[X]— data 

ooinixx 

X 








Load Register X immediate. 

OOlOIxxx 


X 

X 


LDP 

data 



IPB]— data 

OOOIxxxx 

X 

X 





■ 

■ 

Load Page Buffer register immediate. 






ALEC 

data 

X 

■ 

If. [A] data, ST — 1 

Olllxxxx 

X 


X 





1 

Set status flag only if Accumulator contents are less than or equal to immediate 
data. 






YNEC 

data 



If [ Y] 'data, ST — 1 

OlOIxxxx 

X 

X 

X 

UJ 




n 

Set status flag only if contents of Register Y are not equal to immediate data. 





' < 

A2AAC 


X 


[Al— [Al + 2; ST — C 

78 


X 


UJ 





Add 2 to Accumulator contents. Set status flag only if there is a carry. 





O 

A3AAC 


X 

■ 

[A]— [A] + 3; ST —C 

74 


X 


UJ 





Add 3 to Accumulator contents. Set status flag only if there is a carry. 






A4AAC 


X 

1 

[A]— [Al + 4: ST— C 

7C 


X 


Q 





Add 4 to Accumulator contents. Set status flag only 'if there is a carry. 





2 

A5AAC 


X 

I 

[A]— [A] + 5; ST— C 

72 


X 


s 





Add 5 to Accumulator contents. Set status flag only if there is a carry. 






A6AAC 


X 

H 

[Al- lAl + 6; ST— C 

06 

X 


X 






Add 6 to Accumulator contents. Set status flag only if there is a carry. 

7A 


X 



A7AAC 


X 

■ 

[Al- [Al + 7; ST— C 

76 


X 






■ 

Add 7. to Accumulator contents. Set status flag only if there is a carry. 
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Table 1-2. TMS1000 Series Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND 

STATUSES 

^ 

OPERATION PERFORMED 

OBJECT 

CODE 

TMS1000 

■TMS1200 

TMS1070 

TMS1270 

TMS1100 

TMS1300 

MC141000 
MCI 41 200 

B 

B 


A8AAC 

■m 

H 

■ 

[A]— [A] + 8: ST —C 

01 

X 


X 





■ 

Add 8 to Accumulator contents. Set status flag only if there is a carry. 

7E 


X 


1- 

A9AAC 



■ 

[A] — [A] + 9; ST~C 

71 


, X 


< 

GC ^ 





.Add 9 to Accumulator contents. Set status flag only if there is a carry. 





ul O 

A10AAC 



H 

[Al— [A]+ 10; ST— C 

05 

X 








Add 10 to Accumulator contents. Set status flag only if there Is a carry. 

79 


X 

X 

UJ Z 

A11AAC 


H 

■ 

[A]— tA] + 11: ST — C 

75 


X 


< z 

5 o 





Add 1 1 to Accumulator contents. Set status flag only if there is a carry. 





tu U 

A12AAC 


BW 


[A]— [A] +12; ST— C 

7D 


X 


S 



■H 


Add 1 2 to Accumulator contents. Set status flag only if there is a carry. 





s 

A ISAAC 




[A]— [A1+ 13; ST — C 

73 


X 





m 


Add 13 to Accumulator contents. Set status flag only if there is a carry. 






A14AAC 




[Al- [A] + 14:ST— C 

7B 


X 






■ 

Add 14 to Accumulator contents. Set status flag only if there is a carry. 





0. 

s 

RETN 


■ 

■ 

[PC] — [SR], [PA]— [PB] 

OF 

X 

X 

X 

.“j 



■ 

■ 

Return from subroutine. 






BR 

label 

■ 

■ 

If ST = 1, then [PC] — label; 

lOxxxxxx 

X 

X 

X 

i i 





outside subroutine, [PA]— [PB] 





5 E 





Branch if status flag is set. 





1 i 

CALL 

label 

■ 

■ 

If ST = 1. then [SR]— [PC]+1, [PB]< — >[PA], [PCI— label 

1 1 xxxxxx 

X 

X 

X 

go 





Call subroutine if status flag is set. A subroutine call within a subroutine will act as 










a branch, and load the Page Buffer from the Page Address register: 










[PC]— LABEL 








■ 

■ 

[PB] — [PA] 





1 

TAY 


■ 

■ 

[A]-[Y] 

24 

X 


X 

UJ lU UJ 

H K ^ 



■ 

■ 

Transfer Accumulator contents to Register Y. 

20 


X 


52 S2 o 

TYA 




[Y]— [A] 

23 

X 

X 

X 

O O S 

UJ'UJ 





Transfer Register Y contents to Accumulator. 





cc oc 










1 

OCiC UJ 

ujiui H 

YNEA 


■ 

B 

If [Y] A [A], ST — 1 

02 

X 

X 

X 

H 1- 5 
(/) (A K 



■ 

H 

Set status flag only if contents of Y register are not equal to those of Accumula- 





bo" 

UJ UJ ^ 



■ 

■ 

tor. 





B ce O 



■ 

■ 







CLA 


■ 

■ 

[A]— 0 

2F 

X 


X 

es UJ 

UJ H 



■ 


Clear Accumulator. 

7F 


X 


CA S 

lA 


■ 

H 

[A]-[A]+1 

OE 

X 


X 

(9 U 



n 


Increment Accumulator. No status affected. 





B O 

lAC 



■ 

[A]— [A] + 1; ST— C 

70 


X 




IHI 

■ 

■ 

Increment Accumulator. Set status flag only if there is a carry. 
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Table 1-2. TMS1000 Series Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND 

STATUSES 

OPERATION PERFORMED 

OBJECT 

TMS1000 

TMS1200 

TMS1100 

MC141000 

D 

m 

CODE 

TMS1070 

TMS1270 

TMS1300 

MC141200 


DAN 


D 

■ 

[A]— [Al-I; ST— C 

— 

X 


X 






Decrement Accumulator. Set status flag only if there is no borrow. 



X 



lYC 


D 


[Yl— tY] + 1:ST— C 


X 


X 

lU 

1- 



M 


Increment Register Y. Set status flag only if there is a carry. 

05 


X 


So 

iU UJ 

DYN 


B 


lYl— [Yl-1; ST— C 

2C 

X 


X 



B 


Decrement Register Y. Set status flag only if there is no borrow. 

04 


X 


o z 

CPAIZ 


B 


(Al — tAl+1;if (A] =0, ST — 1 

2D 

X 


X 

oe K 



B 

B 

Negate Accumulator contents (twos complement). Set status only if result is 

3D 


X 


£ 2 
«8 

UJ 

COMX 


1 

1 

zero. 

[X]-(X] 

Complement contents of X register (ones complement). 

00 

X 


X 


COMX 


B 


IXKMSB) — [XKMSB) 

09 


X 





B 


Complement most significant bit of X register. 






COMC 


B 


CF— CF 

OB 


X 




HH 

■ 

■ 

Complement Chapter flag. 




















DATA SHEETS 


This section contains specific electrical and timing data for the TMS 1000 series microcomputer. 



TMS 1000/1200 AND TMS 1100/1300 


ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 


Voltage applied to any device terminal (see Note 1 ) —20 V 

Supply voltage, Vqd —20 V to 0.3 V 

Data input voltage —20 V to 0.3 V 

Clock input voltage —20 V to 0.3 V 

Average output current (see Note 2): 0 outputs —24 mA 

R outputs —14 mA 

Peak output current: 0 outputs —48 mA 

R outputs —28 mA 

Continuous power dissipation: TMS 1000/1100 NL 400 mW 

TMS 1200/1300 NL 600 mW 

Operating free-air temperature range 0°Cto70°C 

Storage temperature range — 55°C to 150°C 


•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-ratod conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Supply voltage, V^q (see Note 3) 

-14 

-15 

-17.5 

V 

High-level input voltage, V|h (see Note 4) 

K 

-1 .3 

-1 

0.3 

V 

INIT or Clock 

-1 .3 

-1 

0.3 

Low-level input voltage, V|l (see Note 4) 

K 

Vdd 


-4 

V 

INIT or Clock 

Vdd 

-15 

-8 

Clock cycle time, tc(0) 

2.5 

3 

10 

MS 

Instruction cycle time, t^ 

15 


60 

MS 

Pulse width, clock high, tyj,(0H) 

1 

MS 



MS 

I Sum of rise time and pulse width, clock high, t^- 

tw(<()H) 

1.25 

MS 

Sum of fall time and pulse width, clock low, tf -i- tvv((j,L) 

1.25 

MS 

Oscillator frequency, 

100 


400 

kHz 

Operating free-air temperature, T/^ 

0 


70 

°C 


NOTES: 1. Unless otherwise noted, all voltages are with respect to Vss- 

2. These average values apply for any 100-ms period. 

3. Ripple must not exceed 0.2 volts peak-to-peak in the operating frequency range. 

4. The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this specification for 
logic voltage levels only. 



— tf ~H H ^ 

I 1^— ~ 'w(0L) k- 'w(0H) — 


|«l— — tc(0) H 

NOTE: Timing points are 90% (high) and 10% (low). 

FIGURE 7 - EXTERNALLY DRIVEN CLOCK INPUT WAVEFORM 


Data sheets on pages 1-D2 through 1-D5 are reproduced by permission of Texas Instruments Incorporated. 
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TMS 1 000/1 200 AND TMS 1 1 00/1 300 

ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 


PARAMETER 

TEST CONDITIONS 

MIN TYpt MAX 

HfflH 

l| Input current, K inputs 

V| = 0V 

50 300 500 

warn 

High-level output voltage 

(see Note 1 ) 

0 outputs 

Iq = ~10 mA 

-1 .1 1 -0.6t 

V 

R outputs 

Iq = ~2 mA 

-0.75 -0.4 

Iql Low-level output current 

^OL = '^DD 

-100 

EBi 

Average supply current from 

DD(av) TMS 1000/1200 (see Note 2) 

All outputs open 

-6 -10 

mA 

Average supply current from Vqq 
iDD(av) tMSI 100/1300 (see Note 2) 

All outputs open 

-7 -11 

mA 

Average power dissipation 

TMS 1000/1200 (see Note 2 

All outputs open 

90 175 

mW 

Average power dissipation 

TMS1 100/1 300 (see Note 2) 

All outputs open 

105 193 

mW 

lose Internal oscillator frequency 

^ext ~ kn, ^ext ~ 

250 300 350 


Cj Small-signal input capacitance, K inputs 

V| =0, f = 1 kHz 

10 

ESI 

Cj(0) Input capacitance, clock input 

V| = 0, f = 100 kHz 

25 

Ea 


© 


^All typical values are at Vdq = — 15 V. = 25‘‘c. 

JParts with Vqh V minimum, —1 .3 V typical, are available if requested. 

NOTES: 1. The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this 
specification for logic voltage levels only. 

2. Values are given for the open-drain O and R output configurations. Pull-down resistors are optionally available on all 
outputs and increase Iqq (see Section 4,4). 


SCHEMATICS OF INPUTS AND OUTPUTS 



TYPICAL OF ALL O AND R 
OPEN-DRAIN OUTPUTS 


Vss 

c 

> 

“id 


n 

OOUTPUT 


TYPICAL OF ALL O AND R 
OUTPUTS WITH OPTIONAL 
PULL-DOWN RESISTORS 



The 0 outputs have nominally 60 on-state impedance; however, upon request a 130-f2 buffer can be mask program- 
med (see note [J] section 4.3). 

The value of the pull-down resistors is mask alterable and provides the following nominal short-circuit output currents 
(outputs shorted to Vss)' 

0 outputs: 100, 200, 300, 500, or 900 fiA 
R outputs: 100, 150, or 200 t;A. 
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■oh ~ High-L«v*l Output Currant 


TMS 1000/1200 AND TMS 1100/1300 

INTERNAL OR EXTERNAL CLOCK 

If the internal oscillator is used, the 0SC1 and 0SC2 terminals are shorted together and tied to an external resistor to 
Vqd 3 capacitor to Vss- If an external clock is desired, the clock source may be connected to OSC1 and OSC2 
shorted to V55. 


CONNECTION FOR INTERNAL OSCILLATOR 




TYPICAL BUFFER CHARACTERISTICS 


O OUTPUTS 

HIGH-LEVEL OUTPUT CURRENT 
vs 

HIGH-LEVEL OUTPUT VOLTAGE 



R OUTPUTS 

HIGH-LEVEL OUTPUT CURRENT 
vs 

HIGH-LEVEL OUTPUT VOLTAGE 
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TMS 1070/1270 

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 


Voltage applied to any device terminal (see Note 1) —20 V 

Supply voltage, Vqq — 20 V to 0.3 V 

Data input and output voltage with V^q applied (see Note 2) —35 V to 0.3 V 

Clock input and IN IT input voltage — 20 V to 0.3 V 

Average output current (see Note 3): 0 outputs —2.5 mA 

R outputs —12 mA 

Peak output current; 0 outputs —5 mA 

R outputs —24 mA 

Continuous power dissipation: TMS 1070 NL 400 mW 

TMS 1270 NL 600 mW 

Operating free-air temperature range 0 C to 70 C 

Storage temperature range —55 C to 150 C 


•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Supply voltage, Vpp (see Note 4) 

-14 

-15 

-17.5 

V 

High-level input voltage, V|).| (see Note 5) 

K 

-6 


0.3 


INIT or Clock 

-1 .3 

-1 

0.3 


Low-level input voltage, V|i_ (see Note 5) 

K (See Note 2) 

-35 


-a 


INIT or Clock 

Vdd 

-15 

-8 


Clock cycle time, t^i^) 

2.5 

3 

10 

MS 

Instruction cycle time, tj. 

15 


60 

MS 

Pulse width, clock high, t^( 0 H) 

1 

MS 

Pulse width, clock low, tyy( 0 L) 

1 

MS 

Sum of rise time and pulse width, clock high, tp + tw( 0 H) 

1.25 

MS 

Sum of fall time and pulse width, clock low, tf t tw( 0 L) 

1.25 

MS 

Oscillator frequency, fosc 

100 


400 

kHz 

Operating free-air temperature, Ty\ 

0 


70 

“C 


NOTES; 


1 . Unless otherwise noted, all voltages are with respect to V 3 S. 

2. Vdd must be within the recommended operating conditions specified in 5.4. 

3. These average values apply for any 100-ms period. 

4. Ripple must not exceed 0.2 volts peak-to-peak in the operating frequency range. 

5. The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this specification for 
logic voltage levels only. 


ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 


PARAMETER 

TEST CONDITIONS 

MIN TYpf MAX 

UNIT 

l| Input current, K inputs 

V| = 0 V 

40 100 300 

mA 

High-level output voltage 
(see Note 1) 

0 outputs 

Iq = —1 nnA 

-1 -0.5 

B 

R outputs 

Iq = —10 mA 


lOL Low-level output current 

VoL= V dd 

-100 

mA 

iDD(av) Average supply current from Vqd 

All outputs open 

-6 -10 


P(A\/) Average power dissipation 

All outputs open 

90 175 


^osc Internal oscillator frequency 

R 0 xt “ 00 kfl, Cext “ A7 pF 

250 300 350 

WESM 

Cj Small-signal input capacitance, K inputs 

V| = 0 V, f = 1 kHz 

10 

pF 

Cj( 0 ) Input capacitance, clock input 

V|=0V, f= 100 kHz 

25 

pF 


^All typical values are at = — 15 V, T/^ = 25°C. 

NOTE 1: The algebraic convention where the most-positive (least-negative) iimit is designated as maximum is used in this specification . 
for logic voltage levels only. 
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Chapter 2 
THE MOSTEK 3870 
(AND FAIRCHILD F8) 

The F8 has had a profound impact on the microcomputer industry. When it first appeared, the F8 was discussed 
as an off-beat product with a strange set of chips and a ridiculous instruction set. The chip set was strange 
because logic was organized with the goal of minimizing chip counts; in contrast, microprocessors such as the 
8080A and 6800 were designed with logic distributed functionally on chips - one traditional CPU logic function 
per chip. The F8 instruction set is indeed strange, and in some cases quite limiting, but it reflects the simple 
chip design of the F8 CPU. 

Many microprocessors are now going into consumer products. In this marketplace, the two-chip F8 system pro- 
vided by a 3850 CPU and a 3851 PSU gained an early dominant position. Other microprocessors available when 
the F8 was introduced required seven or more chips to provide the same capabilities as the two-chip F8. The 
economics of consumer product volumes rendered the inefficiencies of the F8 instruction set inconsequential; 
as a result, in 1077 the F8 was the world's leading microprocessor in terms of CPU sales. 

© In recognition of the F8 success story, most microprocessor manufacturers have introduced one-chip and two- 
chip microcomputer systems. 

Since the F8 3850 CPU/3851 PSU configuration was the world's first two-chip 8-bit microcomputer system, the F8 was 
the easiest 8-bit microprocessor to convert into a one-chip microcomputer. Fairchild, the F8 prime source, and 
Mostek, the F8 second source, both designed one-chip microcomputers around the F8. Fairchild designed the 
3859, which was a simple combination of the 3850 CPU and 3851 PSU on a single chip. Mostek developed a 
more ambitious one-chip microcomputer, the 3870. Mostek developed the 3870 ahead of the Fairchild 3859; 
therefore, Fairchild dropped the 3859 and became a second source for the 3870. Thus, the original F8 second 
source, Mostek, is now the new prime source, while the original prime source, Fairchild, is now a second source. 

The majority of F8 customers have small configurations which convert readily to the 3870. This being the case, the 
3870 is the F8 product being actively marketed, while the old F8 chip set is now manufactured to meet the needs of 
existing customers and to represent a possible expansion for any customer whose application will no longer fit within 
the confines of the 3870. In this chapter, therefore, we begin by examining the 3870 in detail. Descriptions of the 
F8 CPU and its support devices follow. 

These are the F8 devices described: 

- The 3850 CPU. 

- The 3851 Programmable Storage Unit (PSU). which provides read-only memory plus 
various additional logic functions. 

-The 3852 Dynamic Memory Interface (DMI), which primarily provides interface logic for dynamic or static 
read-write memory. 

- The 3853 Static Memory Interface (SMI), which primarily provides interface logic for static read/write memo- 
ry. 

- The 3854 Direct Memory Access (DMA), which, in conjunction with the 3852 DMI, implements Direct Memo- 
ry Access logic. 

- The 3856 and 3857 16K Programmable Storage Units (PSU 16), which are variations of the 3851 PSU bqt pro- 
vide more read-only memory. 

- The 3861 PIO, which provides the additional logic functions of the 3851 PSU but has no read-only memory. 

- The 3871 PIO, which is equivalent to the 3861 PIO but has logic characteristics identical to thp 3870. 
Some additional 3870 series products are planned for delivery in late 1978 and early 1979. 


THE FAIRCHILD 
F8 DEVICE SET 
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The 3872 is identical to the 3870, except that program memory is doubled from 2048 to 4096 bytes. The 4096 bytes of 
program memory are configured as 4032 bytes of read-only memory and 64 bytes of read/write memory. Thus, the 
3872 will have 1 28 bytes of read/write memory, of which 64 are in the scratchpad and an additional 64 are in external 
memory. 

The 3873, which will probably be available in early 1979, is equivalent to a 3870 with one serial I/O channel added. 

The 3876, which will probably be available in late 1978, is equivalent to a 3870 with 64 bytes of additional read/write 
memory; that is to say, in addition to the 2048 bytes of program memory there will be 64 bytes of scratchpad memory 
and an additional 64 bytes of external read/write memory. This additional 64 bytes of external read/write memory will 
have a low power standby option, allowing you to maintain data in these 64 bytes while power has been removed from 
the rest of the device. 

Figure 2-1 illustrates logic associated with individual F8 devices, and the 3870 one-chip microcomputer. 

All devices of the F8 family require -fBV and +12V power supplies. The 3870, however, uses a single -I-5V power sup- 
ply. 

Using a 500 ns clock, instruction cycle time is 2 /xsec. Instruction execution times range from 1 to 6.5 instruction cy- 
cles, or 2 to 13 fisec. 

N-channel isoplanar MOS technology is used for the F8. 

N-channel ion injection technology is used for the 3870. 


The 3870 Microcomputer 



(DMI) 

A maximum of 65,536 bytes of memory may be present in an F8 microcomputer system. 

Figure 2-1. A Fairchild/Mostek F8 Microcomputer System 
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The principal manufacturer for the F8 is: 

FAIRCHILD SEMICONDUCTOR 
464 Ellis Street 
Mountain View, CA 94040 

The second source is: 

MOSTEK, INC. 

P.O. Box 169 
Carrollton, TX 75006 

The principal manufacturer for the 3870 is: 

MOSTEK, INC. 

P.O. Box 169 
Carrollton, TX 75006 

Second sources are: 

FAIRCHILD SEMICONDUCTOR 
464 Ellis Street 
Mountain View, CA 94040 

MOTOROLA, INC. 
Semiconductor Products Division 
3501 Ed Bluestein Blvd. 
Austin. TX 78721 


THE 3870 ONE-CHIP MICROCOMPUTER 


Functions implemented on the 3870 microcomputer are illustrated in Figure 2-2. 

Some caution must be exercised when looking at Figure 2-2; functions shown as present should not always be 
considered equal to larger systems. For example, read/write memory and memory addressing are shown as completely 
present; however, only 64 bytes of read/write memory are provided, with no possibility of expansion. I/O ports and in- 
terface logic are shown as provided, but the 3870 itself has only four I/O ports. Programmable timers and interrupt han- 
dling logic are shown as present, yet only one interrupt request line is available and only one programmable timer is 
present -- again with no possibility for expansion. 

There is, in fact, a sharp contrast between the expansion philosophy of the 3870 as compared to 3870 

the Intel 8048. The 3870 is simply not expandable; If your application overflows the 3870 you EXPANSION 

can keep your programs, but you must revert to the F8 chip set. In contrast, the 8048 is ex- 
pandable, albeit in a somewhat clumsy fashion. Thus, when an application overflows a 3870, you can keep your pro- 
grams but you must throw away your 3870 chips. When an application overflows the 8048, you can keep the 8048 
already in hand, using expansion capabilities to support new functions. 
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Logic to Handle 
Interrupt Requests 
from 

External Devices 


Accumulator 

Register<s) 


Arithmetic and 
Logic Unit 


Instruction Register 


Data Counterfsi 


Control Unit 


Bus Interface 
Logic 


Program Counti 


System Bus 


ROM Addressing 
and 

Interface Logic 


Read /Write 
I Memory 

i 


Programmable ^ 
Timers 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Interrupt Priority 
Arbitration 


I/O Communication 
Serial to Parallel 
Interface Logic 


Figure 2-2. Logic of the Fairchild/Mostek 3870 Microcomputer 
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3870/F8 PROGRAMMABLE REGISTERS 

These are the programmable registers of the 3870 and F8: 


1 1 bits in the 3870,16 bits in the F8 


11 bits in the 3870,16 bits in the F8l 


1 1 bits in the 3870,16 bits in the F8l 


8 bits I Accumulator (A) 

1 1 bits in the 3870, |16 bits in the F8| Program Counter (PCO) 

Program Counter buffer, or Stack register (PCI) 
Data Counter (DCO) 

Data Counter buffer (DC1) 

6 bits I Scratchpad Address register (ISAR) 

5 bits I Status register (W) 


W register 


DCO register 


PCI (Stack) register • 


DCO or PCO registers 


H is equivalent to a Data 
Counter buffer register 
K is equivalent to a Stack 
register buffer 
Q is equivalent to a Data 
Counter or Program Counter 
buffer register 


Scratchpad 


J 

HU 

HL 

KU 

KL 

QU 

QL 


Scratchpad Byte Address 


Decimal 

Octal 

Hexadecimal 

0 

0 

0 


1 1 1 
2 2 2 


9 

11 

9 

10 

12 

A 

11 

13 

B 

12 

14 

C 

13 

15 

D 

14 

16 

E 

15 

17 

F 

16 

20 

10 

58 

72 

3A 

59 

73 

3B 

60 

74 

3C 

61 

75 

3D 

62 

76 

3E 

63 

77 

3F 


There is one 8-bit Accumulator, which may be likened to the Primary Accumulator (AO) of 3870/F8 

our hypothetical microcomputer. Wherever there is a choice, this Accumulator is the usual ACCUMULATOR 

source or destination for data operations associated with any instruction's execution. 
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The 64-byte scratchpad may be viewed either as a small read-write memory, or as 64 8- 
bit secondary Accumuiators. The first 11 scratchpad bytes may be accessed directly, as 
though they were secondary Accumulators. Remaining RAM bytes can only be accessed using 
a form of implied memory addressing, where a 6-bit register (identified as the ISAR register) must provide the address 
of the byte being accessed. The ISAR register is in every way identical to a 6-bit Data Counter. 

Data Counter DCO is an implied addressing register, as described for our hypothetical 
microcomputer. 

Data Counter DC1 is simply a buffer for the contents of Data Counter DCO. Implied address- 
ing via Data Counter DC1 is not allowed. The only instruction that accesses Data Counter DC1 is an instruction which 
will exchange the contents of Data Counters DCO and DC1. 

Program Counter PCO serves the same function in a 3870 or F8 system as it does in 
our hypothetical microcomputer. 


The Stack register (PCI) is, in reaiity, a buffer for Program Counter PCO; the Stack register 
does not address an area in read-write memory, and there are no Push or Pop instructions as 
described in Volume I, Chapter 6. Interrupts and Jump-to-Subroutine instructions save the 
contents of Program Counter PCO in Stack register PCI, before loading a new address into Program Counter PCO: 


3870/F8 STACK 
REGISTER 


3870/F8 PROGRAM 
COUNTER 


3870/F8 DATA 

COUNTERS 

— 


3870/F8 

SCRATCHPAD 


Old Address from PCO 
is moved to PCI 




Old Address in 
PCI is lost 


Program Counter PCO Stack register PCI 


The classical Stack can be implemented in a 3870 or F8 system, but a short program needs to be written to do this. 

Read-only memory is aiways addressed using impiied addressing, with auto-increment, via 
Data Counter DCO. No other memory addressing modes are provided. 

There are a number of instructions which load immediate data into Data Counter DCO; data may also be transferred 
between Data Counter DCO and scratchpad bytes, and it is possible to add the contents of the Accumulator to Data 
Counter DCO. 

in order to understand scratchpad addressing, one has to view it as representing neither 64 
Accumuiators nor 64 bytes of read-write memory, but rather as something between the 
two, 

3870 MEMORY ADDRESSING MODES 

The 3870 microcomputer has two separate and distinct memories: 

1) There is the 64-byte scratchpad, which is the only read/write memory available. 

2) There are 2048 bytes of read-only memory, which must contain all programs, but may also contain constant data. 

We wiii refer to addressing of the 64-byte scratchpad as "scratchpad addressing", whiie "memory addressing" 
refers to the 2048 read-only memory bytes. 

It is important to note that the scratchpad and the read-only memory have separate and distinct address spaces. 
Scratchpad locations have addresses in the range 0 through 63i q- while read-only memory locations have addresses in 
the range 0 through 2047io- Thus, addresses 0 through 63io can access both a scratchpad byte and a read-only 
memory location; however, this will never cause confusion since separate and distinct instructions access scratchpad 
as against read-only memory. Since no one instruction can access both scratchpad and read-only memory, there is no 
possibility for confusion. 


SCRATCHPAD 

MEMORY 

ADDRESSING 


MEMORY 

ADDRESSING 
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Instructions which access scratchpad memory use the four low-order object code bits to identify Scratchpad Address- 
ing mode, as follows: 


■Bit No. 

Scratchpad access instruction object code 


0000\ 
10*11 j 


101 

1100 

1101 


1110 


Directly address one of Scratchpad bytes 0 through 1 1 

S - linplied addressing via ISAR 
I - Implied addressing via ISAR 
with auto-increment of three 
low-order ISAR bits. 

D - Implied addressing via ISAR 
with auto-decrement of three 
low-order ISAR bits. 


There are a number of register-register instructions that operate on the Accumulator and on one of the first 12 
scratchpad bytes, using object codes as follows: 

7 6 5 4 3 2 1 0 Bit No. 


a 

0000 

• One scratchpad byte from bytes 0 through 1 1 is specified 
1011 

An instruction that accesses the Accumulator and one of the 

scratchpad bytes is specified 

This type of object code treats the first 1 2 scratchpad bytes as secondary Accumulators. 

Any scratchpad byte may be addressed via the ISAR register using implied addressing; that 
is to say, the 6-bit number in the ISAR (which can have a value in the range 0 through 63) iden- 
tifies the one scratchpad byte which will be accessed by the next scratchpad referencing instruc- 
tion. 

The ISAR register provides implied addressing, and implied addressing with auto-increment or 
auto-decrement: however, only the low-order three bits of the ISAR register are involved in the 
auto-increment or auto-decrement operation; 


DIRECT 

SCRATCHPAD 

ADDRESSING 


IMPLIED 

SCRATCHPAD 

ADDRESSING 



5 4 3 2 


0 


Bit No. 



ISAR 


These three bits may be incremented or decremented by an im- 
plied addressing scratchpad memory reference with auto-in- 
crement/decrement. 


Specifies an instruction that accesses the Accumulator and one 
of the scratchpad bytes 


F8 scratchpad bytes may therefore be accessed as contiguous 8-byte buffers, with wraparound auto-increment or 
auto-decrement within each 8-byte buffer. 
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Instructions shown in Table 2-2 use the symbol r in the operand to represent scratchpad ad- 
dressing. This is what the symbol r represents; 

- If r is a number between 0 and 11. one of scratchpad bytes 0 through 1 1 is addressed directly. 

- If r is S, implied addressing via ISAR is specified. 

- If r is I, implied addressing via ISAR, with auto-increment of the low-order three implied address bits, is specified. 

- If r is D, implied addressing via ISAR, with auto-decrement of the low-order three address bits, is specified. 


r SCRATCHPAD 
ADDRESSING 


Given the various ways in which scratchpad memory can be addressed, this is the most effective way of configuring 
scratchpad: 



Treat scratchpad bytes 0 through 8 as nine secondary Accumulators: access these bytes using direct scratchpad ad- 
dressing. 

Wherever possible, use scratchpad bytes 9 through F only as buffers for their associated registers: when accessing 
these bytes, use the specific instructions which transfer data between these scratchpad bytes and their associated 
registers. 


Although you can address scratchpad bytes 9, A, and B by using direct addressing, do not do so when these 
scratchpad bytes are being used as buffers for the Status registers (W) and Data Counter (DCO). 

While indirect addressing via ISAR can access any scratchpad byte, you should avoid addressing scratchpad bytes 0 
through F in this fashion. Wherever possible, use ISAR only to address scratch bytes 10-10 through 3Fi0: divide this 
area into 8-byte buffers as illustrated. Because I addressing auto-increments only the three low-order ISAR bits, this 
form of scratchpad byte addressing will wrap around within one 8-byte buffer, as follows: 

I ISAR 

X X X 0 0 0 

X X X 0 0 1 

XXX010 
X X X 0 1 1 

X X X 1 0 0 

X X X 1 0 1 

X X X 1 1 0 

X X X 1 11 

X X X 0 0 0 

X X X 0 0 1 

etc. 

Similarly, D implied addressing via ISAR will wrap around within eight scratchpad byte divisions, as follows: 

“\ ISAR 

X X X 0 0 0 

X X X 1 1 1 

XXXI 10 
X X X 1 0 1 

X X X 1 0 0 

X X X 0 1 1 

X X X 0 1 0 

X X X 0 0 1 

X X X 0 0 0 

XXXI 1 1 

etc. 
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3870/F8 STATUS FLAGS 

The Status register, also called the W register, holds five status flags, as follows: 


4 3 2 1 0 Bit No. 



The 0, Z, C and S status flags are identical to the flags with equivalent symbols, as described in Volume I, Chapter 6 for 
our hypothetical microcomputer. 

The Interrupt Control bit is treated as a fifth status; this status will not be modified by arithmetic or logic operations, 
but it will be transferred, as a unit with the other four status f|ags, to or from Scratchpad byte 0. 


3870 PINS AND SIGNALS 

3870 pins and signals are illustrated in Figure 2-3. 



Vcc 

RESET 

EXT INT 

PI-0 

PI-1 

PI-2 

PI -3 

P5-0 

P5-1 

P5-2 

P5-3 

P5-4 

P5-5 

P5-6 

P5-7 

PI-7 

PI-6 

PI-5 

PI-4 

TEST 


Pin Name 

Description 

Type 

PO-0 - PO-7 

I/O Port 0 

Bidirectional 

PI-0 - PI-7 

I/O Port 1 

Bidirectional 

P4-0 - P4-7 

I/O Port 4 

Bidirectional 

P5-0 - P5-7 

I/O Port 5 

Bidirectional 

STROBE 

Ready Strobe 

Output 

EXT INT 

External Interrupt 

Input 

RESET 

External Reset 

Input 

TEST 

Test Line 

Input 

XTLI, XTL2 

Time/Clock 

Input 

Vcc. gnd 

Power Supply Lines 

Input 


Figure 2-3. 3870 Microcomputer Signals and Pin Assignments 


2-9 











32 of the 40 signals implement four 8-bit I/O ports, which are addressed as I/O Ports 0, 1, 4 and 5. 

Pins POO through P07 implement I/O Port 0. 

Pins P10 through PI 7 implement I/O Port 1. 

Pins P40 through P47 implement I/O Port 4. 

Pins P50 through P57 implement I/O Port 5. 

I/O port characteristics are described following signal definitions. 

STROBE is a handshaking control signal associated with I/O Port 4. Whenever data is output to I/O Port 4, STROBE 
is pulsed low for approximately three clock periods. 

External interrupt requests are input via EXT INT. 

RESET is a master reset Input. When it is grounded, the following events occur; 

1) Program Counter contents (PCO) are pushed onto the Stack register (PCI). 

2) The ICB bit of the Status register is reset to 0; this disables all interrupts. 

3) I/O Port 4 and 5 pins all output -P5V. Reset does not affect I/O Port 0 and 1 pins. 

4) Other internal registers are not affected. 

The TEST input is used to test hardvvare. Normally the TEST pin is connected to ground, or it is left unconnected. 
When a voltage between 2V and 2.6V is connected to TEST, I/O Ports 4 and 5 become output and input connections to 
the internal Data Bus, as follows: 


I/O Port 5 is a wire-OR input to the internal Data Bus; it is 
logically false. (Port pin 1 = Data Bus 0) 


I/O Port 4 is the internal Data Bus output; it is logically true. 
(Port pin 1 = Data Bus 1) 


When a voltage level between -I-6V and -I-7V is applied to the TEST pin, I/O Ports 4 and 5 are connected to the internal 
Data Bus as illustrated above: but, in addition, internal program memory is disconnected from the Data. Bus. This allows 
instruction codes to be entered via I/O Port 5. 

The TEST pin should be used for test purposes only. Do not use TEST during normal 3870 operations. You can- 
not, for example, use TEST as a means of transferring data between the Data Bus and external logic via I/O Ports 4 and 
5. Also, you cannot use TEST to supercede internal program memory with an external program memory. This is 
because timing associated with the test conditions differs markedly from normal instruction execution timing. 

XTL1 and XTL2 are clock signal inputs. These two clock signal inputs can be used in one of 
four ways. 

If XTL1 and XTL2 are both grounded, then an internal oscillator within the 3870 generates the clock signal. In- 
ternal oscillator frequencies ranging between 1.7MHz and 4MHz are allowed. 

An external crystal may be connected across XTL1 and XTL2; in this case the external crystal determines clock fre- 
quency. Any frequency in the range 1 MHz to 4 MHz is allowed. There are internal 20 pF capacitors between XTL1 and 
ground and XTL2 and ground; therefore, external capacitors are not required. This may be illustrated as follows: 

XU1 


XTL2 


o 1 MHz to 4 MHz 

J 


3870 CLOCK 
LOGIC 



3870 

RESET 
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If an external clock signal is used, then it should be applied to pin XTL2, and pin XTL1 should be left open. 

The internal clock signal generated will have a frequency that is half of the external clock signal frequency. For exam- 
ple, in order to generate a 1 MHz internal clock signal, a 2 MHz external clock signal must be applied to pin XTL2. 

it is also possible to generate the internal 3870 clock signal using resistor capacitor (RC) or inductor capacitor 
(LC) circuits. The RC mode may be illustrated as follows: 



R = 4Kft Minimum 
Capacitance = 20.5 pF + 2.5 pF + C 
Minimum frequency = 1/(1.1 RC + 65 ns) 
Maximum frequency = 1/(RC + 15 ns) 


The external capacitor C is optional, since there is a 20.5 pF internal capacitor. 
The LC mode may be illustrated as follows: 



Inductor L = 0.1 mH (minimum) 

Inductor quality = (Q) = 40 

If the external capacitor (C) is present, it must be 30 pF or less. 

Capacitance = 10 pF + 1.3 pF + C 
Frequency = 1/(2 w V LC) 

3870 INSTRUCTION TIMING AND EXECUTION 

All 3870 instructions execute as a sequence of "long" and "short" machine cycles. A long machine cycle lasts 
six clock periods. A short machine cycle lasts four clock periods. For each 3870 instruction. Table 2-2 identifies the 
sequence of long and short machine cycles via which the instruction executes. By referring to this table, you can com- 
pute instruction execution times as a function of clock frequency. 

Note that Table 2-2 refers to ROMC states. ROMC states have no meaning when you are using a 3870; however, they 
constitute five signals output by the 3850 CPU in an F8 configuration, as described later in this chapter. Since Table 
2:2 applies to both the 3870 and the F8, ROMC states are identified. 

3870 I/O PORTS 

The 3870 has four 8-bit I/O ports, which we defined when describing 3870 pins and signals. I/O ports are ad- 
dressed via port numbers 0, 1,4, and 5. I/O port addresses 6 and 7 are also reserved by the 3870; I/O Port 6 is 
used to output control codes and to input interrupt status, i/0 Port 7 is used to access interval timer logic. 

0, 1,4, 5, 6, and 7 are the only I/O port addresses which have any meaning within a 3870. Output instructions that ad- 
dress any other I/O port act as "no operation" instructions. Input instructions that address any other port will clear the 
Accumulator. Nevertheless, the 3870 instruction set, as defined in Table 2-1, includes both long-form and short-form 
I/O instructions, allowing any I/O port to be accessed with addresses in the range 0 through 255. This permits the 3870 
instruction set to be completely compatible with the full F8 instruction set - a necessity if 3870 programs are to be 
transportable to larger F8 configurations. 
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Every one of the 3870 I/O port pins is truly bidirectional. Logic associated with each pin may be illustrated as 
follows: 


Vcc 



The pin logic illustrated above Is present in the 3870 microcomputer and the 3871 PIO only: other devices have 
the F8 I/O pin characteristics. 

If you do not understand digital logic, then you will not understand the illustration above, but that is not particularly im- 
portant. The above illustration explains exactly how bidirectional I/O port pin logic works. From a programmer’s point 
of view, this simply translates into the fact that you can fpeely input and output data without worrying about prior I/O 
port contents. However, all I/O port pins have inverted logic. This means that when you write 1 to ari I/O port pin a 0 
voltage will be generated, while a -F5V voltage will be generated if you output 0 to the pin. Conversely, external logic 
will cause your program to input 1 if it grounds a pin, while it will cause your program to input 0 if it applies -F5V to the 
pin. 

The output buffer portion of I/O port pin logic determines the pin characteristics. Standard TTL logic is provided 
by the standard output buffer, which may be illustrated as follows: 
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You can buy 3870 devices with different output buffers at I/O Ports 4 and 5, but not at I/O Ports 0 and 1. I/O Ports 0 
and 1 pins can only have the standard output buffer illustrated above. Thera are two optional output buffer designs 
available for pins of I/O Ports 4 and 5. A direct drive output is similar to the standard output, but it sources more cur- 
rent. Logic is illustrated as follows: 

Ycc 


i 


The other option is an open drain output, which may be illustrated as follows; 


© 


The open drain output allows you to tie pins together; you can then wire-AND two or more pins when data is output. 
Consider the following configurations; 

P43 


P45 

If all outputs are high, then the wire-AND will be high; however, if any one of the three outputs goes low, then the wire- 
AND resulting from all three outputs will also go low. 

3870 INTERRUPT LOGIC 

External logic can input an interrupt request to the 3870 via the EXT INT signal. 

Interrupt requests may also be generated internally by timer/counter logic. 

There are two levels of interrupt enable/disable logic within the 3870. There is a Control 
register (described later in this chapter) which has bits 0 and 1 set aside to selectively ena- 
ble or disable external interrupts and timer/counter interrupts, respectively. If one or both of 
these interrupts are enabled, then any interrupt request is still subject to master ena- 


3870 

INTERRUPT 

DISABLE 
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ble/disable logic, which is specified by the Interrupt Control bit of the Status register (bit 4 of the W register). 
This may be illustrated as follows: 


4 3 2 1 0 


To CPU 
Bit No. 



n 


X X 

H 

1 

T 

Latch 


Control register 

External Interrupt 
Timer/Counter Interrupt 


A timer/counter interrupt request is latched. If timer/counter interrupt logic has been disabled via Control register 
bit 1, then an interrupt request will be held until timer/counter interrupts are subsequently enabled; the interrupt re- 
quest will then occur. 

External interrupt requests are not latched. An external interrupt request will only occur if the EXT INT signal makes 
an active transition while external interrupts have been enabled by Control register bit 0. 

Any interrupt request that reaches Status register logic wili be latched. Thus, if Status register bit 4 is 0 when 
either an external interrupt request or a, timer/counter interrupt request occurs, then the interrupt request will be held 
pending until Status register bit 4 is subsequently set to 1. 

A reset or power-on operation disabies ali interrupts; the Status and Control registers are cleared. 

Timer/counter interrupt requests have priority over external interrupt requests. Thus, if a timer/counter interrupt 
request and external interrupt request occur simultaneously and both are enabled, then the timer/counter interrupt re- 
quest will be acknowledged. 

When any interrupt request is acknowledged, further interrupts are disabled via the Status register; however, in- 
terrupt enable/disable logic associated with the Control register is not affected. Thus, an external interrupt request will 
be held pending for the duration of a timer/counter interrupt sbfvice routine’s execution. However, the external inter- 
rupt request will be removed if, at any tjme while it is held pending, external interrupts are specifically disabled via bitO 
of the Control register. 

If a timer/counter interrupt request is generated while an external interrupt service routine is being executed, then 
Status register interrupt disable logic will prevent the timer/counter interrupt request from interrupting the external in- 
terrupt service routine. However, the timer/counter interrupt request will be held pending until interrupts are subse- 
quently enabled at the Status register. If for any reason timer/counter interrupts have been specifically disabled via 
Control register bit 1 , then any subsequent timer/counter interrupt request will be delayed until timer/counter interrupt 
logic is specifically enabled vid bit 1 of the Control register. 

When an interrupt request is acknowledged, theProgram Counter (PCO) contents are saved on the Stack register (PCI). 
For a Timer interrupt request, a new value, O2Oi0, is loaded into the Program Counter; 


02016 



PCO 


PCI 
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When an external interrupt request is acknowledged. Program Counter (PCO) contents are saved in the Stack register 
(PCI), then the new value OAO 10 is loaded into the Program Counter (PCO). Thus, interrupt service routines for timer 
and external interrupts must originate at memory locations O 2 O 10 and OAO 10 , respectively. 

Since a reset or power-on clears the Program Counter, the beginning of program memory must be allocated thus: 


Program 

Memory 


Initialization begins here 

Timer interrupt service routine 
begins here 


External interrupt service routine 
begins here 


TIMER/COUNTER LOGIC 

3870 timer/counter logic represents a significant enhancement over prior F8 iogic. 


3870 timer/event counter logic consists of an 8-bit binary Counter register together with a Buffer register and 
associated iogic. The two registers are accessed as I/O Port 7. Data output to I/O Port 7 is written into the Counter 
register and the Buffer register. Data input from Port 7 is read from the Counter register only. This may be iiiustrated 
as foliows: 



The scheme illustrated above allows timer/counter logic to operate in a "free running" mode. Whenever the contents 
of the Counter register decrement to 0, the new Counter register contents are taken from the Buffer register, and a 
timer interrupt request occurs. This may be illustrated as follows: 

Counter Buffer 

Register Register 

Contents Contents 

02 XX 

01 XX 

► Timer interrupt request 

00 XX 

XX XX 

XX-1 XX 

xx-2 XX 

etc. etc. 

You can read Counter register contents at any time, even while the timer/counter is operating, by inputting from I/O 
Port 7; Counter register contents will be input. 

Timer/counter iogic can be operated in Interval Timer mode, in Puise Width Measurement mode, or in Event 
Counter mode. The contents of a Controi register (which is accessed as I/O Port 6) determine the mode in which 
timer/counter logic will operate. We will describe the Control register after discussing timer/counter operating 
modes. 
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In Interval Timer mode, timer/counter logic is used to compute time intervals. In order to 
corhpute a time interval, the timer/counter register contents are decremented at fixed 
"decrerherit" intervals. The decrement interval is equal to a number of clock periods, as 
specified by the control code. The decrement interval may range between a low of two clock 
periods and a high of 400 clock periods. If. for example, a 500 nanosecond clock is employed and the decrement inter- 
val is 1 00 clock periods, then the Counter register contents will be decremented once every 50 microseconds. If the in- 
itial value output to I/O Port 7 is 200io (CS-is). then in Interval Timer mode, timer/counter logic will time out once ev- 
ery 10 milliseconds. 

Time interval = 0.5 x 100 x 200 microseconds 

The time delays which can be generated using timer/counter logic in Interval Timer mode are given by the following 
equation; 

Time interval = Reset value x Decrement time interval 

The reset value is the value written out to I/O Port 7; it may have any value in the range 0 through 255. 0 is in fact 
equivalent to a count of 256, since the decrement ends with a Timer interrupt request when Counter register contents 
decrement from 1 to 0. 

In Interval Timer mode, timer/counter logic operates as follows: 

1) An initial value must be output to I/O Port 7. This becomes the reset value. 

2) Using an appropriate control code, you select Interval Timer mode and options. The control code also starts and 
stops timer/counter logic in Interval Timer mode. 

3) Once started by an appropriate control code, the Counter register continuously decrements, reloads, and redecre- 
ments. 

4) In order to stop the timer/counter when operating in Interval Timer mode, you must output an appropriate control 
code. 

Each time the Counter register decrements to a timer interrupt request is generated. If timer interrupt requests are 
enabled, then the interrupt request will be acknowledged; if timer interrupt requests are disabled, the interrupt request 
will be latched and will be held pending until timer interrupt requests are subsequently enabled. 

If interrupts are enabled when timer/counter logic times out in Interval Timer mode, there will be a small time delay 
before the interrupt is acknowledged: no interrupt cah be acknowledged until the conclusion of the currently executing 
instruction, plus the next instruction if it is privileged. (Privileged instructions are instructions which cannot be inter- 
rupted: they are identified in Table 2-1.) In the worst case, it is possible for 49 clock periods to elapse between the 
timer/counter timing out and a timer interrupt being acknowledged; on the average, between 24 and 30 clock periods 
will separate these two events. If long delays between a time-out and interrupt acknowledge are not acceptable, then 
you must avoid executing privileged instructions while timer/counter logic is operating in Interval Timer mode. 

In Pulse Width Measurement mode, timer/c3unter logic measures the duration of a pulse 
which is input on the EXT INT pin. Under program control, you can measure a low pulse; 


J~ 

♦ 

STOP 

TIMER 


1 

-♦ 

STOP 
TIMER 

Stop and start logic represerits the only difference between Pulse Width Measurement mode and Interval Timer mode. 
As illustrated above, it is EXT INT signal transitions that start and stop timer/counter logic in Pulse Width mode. In ad- 
dition, you can use control codes to stop timer/counter logic in Pulse Width mode. 


EXT INT 


START 

TIMER 


or you can measure a high pulse; 


EXT INT 


START 

TIMER 


3870 

PULSE WIDTH 

MEASUREMENT 

MODE 


3870 

INTERVAL 
TIMER MODE 
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An external interrupt request occurs at the trailing edge of the EXT INT pulse. This external interrupt request will be 
acknowledged only if external interrupts have been enabled. If external interrupts are disabled, no interrupt request oc- 
curs. That is to say, if external interrupts are enabled at some point after the end of a pulse, no interrupt request will be 
pending. 

Within the pulse itself, timer/counter decrement logic works exactly as described for Interval Timer mode. The Counter 
register contents are decremented once each decrement interval; the decrement interval is defined in Interval Timer 
mode. If the timer/counter does not time-out within the pulse width, then on the trailing edge of the pulse the 
timer/counter is stopped. By inputting from I/O Port 7, you read the contents of the Counter register at the trailing edge 
of the pulse: the difference between this input value and the initial reset value can be used to compute the pulse dura- 
tion, as follows: 

Pulse duration = (Initial reset value - final Counter register contents) x decrement time interval 

For example, suppose the initial reset value output to I/O Port 7 is IOOiq (64i 0), while the final value input from I/O 
Port 7 is 16io (10-|6): if the control code has set timer/counter logic to decrement once every 100 microseconds, then 
the pulse width must be 8.4 milliseconds: 

Pulse width = (100 - 16) X 100 microseconds 

If the Counter register does time-out within a pulse, then a timer interrupt request occurs, the Buffer register contents 
are loaded into the Counter register, and decrementing restarts. Program logic must respond to the timer interrupt re- 
quest by incrementing a scratchpad counter; the total pulse time is computed as follows: 

Pulse duration = (Initial reset value - final Counter register contents) 

X decrement time interval 
X initial reset value x decrement time interval 
X scratchpad counter contents 

Suppose, for example, that the initial reset value output to I/O Port 7 is 200-| q (C8i q), and that the Counter register has 
timed out three times within the pulse width: the scratchpad counter will now contain 3. If the final value input from 
I/O Port 7 is 53-|o (35 iq) and the decrement time interval specified by the control code is 50 microseconds, then the 
total pulse timer interval is 37.35 milliseconds; 

Pulse interval = (200 - 53) x 50 -F 200 x 3 x 50 
= 37,350 microseconds 

In Event Counter mode, the Counter register contents are decremented on "active" transi- 3870 

tions of the EXT INT input. An “active" transition on this signal may be high-to-low or low-to- EVENT 

high, as selected by the control code. COUNTER 

In the Event Counter mode, when the Counter register decrements to 0 a timer interrupt request is 
latched, as described for the Interval Timer mode. Thus, if the timer interrupts are enabled, the in- 
terrupt request will be acknowledged following execution of the next non-privileged instruction; if timer interrupts are 
disabled, the interrupt request will be held until interrupt requests are re-enabled. Active transitions on the EXT INT 
signal, while decrementing the Counter register contents, also cause interrupt requests to occur if external interrupts 
are enabled. Since it would be pointless to have an external interrupt request occur on every decrement, external inter- 
rupts are normally disabled in Event Counter mode. 

THE 3870 CONTROL CODE 

Operation of 3870 timer/counter logic and interrupt logic is controlled via an 8-bit control code which must be 
output to I/O Port 6. I/O Port 6 is a write-only location. When you input from I/O Port 6, you do not read the con- 
tents of the Control register; rather, the level on the EXT INT pin appears at bit 7 of the Accumulator. This may 
be illustrated as follows: 
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If you need to read the control code after writing it out, then you must keep a copy of it in one of the scratchpad bytes. 
Control code bits are assigned as follows: 



External interrupts disabled 
External interrupts enabled 
Timer/counter interrupts disabled 
Timer/counter interrupts enabled 
EXT INT is active low ~~~ V / 

EXT INT is active high i t 

Stop timer/counter in any mode 

Start timer/counter in Interval Timer or Event Counter modes 
Interval Timer mode if bits 7, 6, 5 are not 000 
Event Counter mode if bits 7, 6, 5 are 000 

Pulse Width Measurement mode. (Do not use 000 for bits 7, 6, 5 in 
this mode) 

2 pre-scalar 1 

5 pre-scalar \ 

20 pre-scalar I 


■Bit No. 


0 0 


Event Counter mode 
2 pre-scalar\ 

5 pre-scalar I 
10 pre-scalar I 
20 pre-scalar > 
40 pre-scalar 1 
-j- 100 pre-scalar 1 
-r 200 pre-scalar J 


Pre-scalar x Clock period gives decrement time in- 
terval in Interval Timer or Pulse Width Measure- 
ment modes 


Bits 0 and 1 are used to selectively enable or disable interrupt requests. External interrupt requests occur via 
active transitions on the EXT INT input signal; timer/counter interrupt requests are generated within 
timer/counter logic. You have the option of enabling both external interrupts and timer/counter interrupts; you 
can enable one but not the other, or you can disable both. 

Recall that timer/counter interrupt requests are latched; if timer/counter interrupt logic is disabled (control code bit 1 is 
0) when the timer/counter interrupt request occurs, then the interrupt request will remain pending until timer/counter 
interrupts are subsequently enabled (control code bit 1 is 1), or until the 3870 is reset. A reset removes the latched in- 
terrupt request. External interrupts are not latched; an external interrupt request will be generated only as EXT INT 
makes an active transition while control code bit 0 is 1. A timer/counter interrupt request occurs whenever the 
timer/counter register decrements from 1 to 0, as previously described. 


An external interrupt request occurs whenever an "active" transition is sensed on the EXT INT pin. Bit 2 of the 
control code determines what an "active" transition of EXT INT will consist of. If bit 2 is 0, then a low level on 
EXT INT is considered active, and high-to-low transition causes an external interrupt request. If bit 2 of the control code 
is 1, then a high level on EXT INT is considered active and a low-to-high signal transition will cause an external inter- 
rupt request. 

Control code bit 3 is the start/stop bit. This bit must be used to start and stop timer/counter logic when operating in In- 
terval Timer mode or Event Counter mode. When timer/counter logic is operating in Pulse Width Measurement mode, 
then leading and trailing edges of an active EXT INT pulse start and stop timer/counter logic; within a pulse, however, 
the start/stop bit of the Control code can be used to stop and then restart timer/counter logic. 
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In Interval Tinner mode or Pulse Width mode, bits 5, 6 and 7 select the decrement time interval. The important point to 
note is that bits 5, 6 and 7 are cumulative. Thus, you have seven pre-scalar options shown with the control code. 

In Interval Timer mode or in Pulse Width mode, the Counter register contents are decremented once every decrement 
time interval. A decrement time interval is equal to the internal clock pulse time multiplied by the pre-scalar. Assuming 
a 500 nanosecond internal clock pulse width. 010 in Control register bits 7, 6 and 5 would generate a decrement time 
interval of 2.5 microseconds. A decrement time interval of 50 microseconds would be generated by 110 in Control 
register bits 7, 6 and 5. 

THE 3870/F8 INSTRUCTION SET 

Table 2-1 summarizes the 3870/F8 instruction set: instructions are grouped into categories that conform with 
our hypothetical microcomputer instruction set, as described in Volume I, Chapter 7. 

With reference to Table 2-1 , refer to the addressing modes description for an explanation of "r", which occurs in the 
operand column to represent some of the scratchpad addressing options. 

One of the more confusing aspects of 3870/F8 programming is understanding the ways in which data may be moved 
between different registers; this information is therefore summarized in Figure 2-4. 


The following symbols are used in Table 2-1: 


A 

addr 
C 

data3 
data4 
@ data5 
DCO 
DC1 
dpchr 

disp 

FMASK 


The Accumulator 
A 16-bit memory address 
Carry status 
A 3-bit binary data unit 
A 4-bit binary data unit 
A 5-bit binary data unit 
Data Counter register 
Data Counter buffer 

Scratchpad Data or Program Counter Half Registers. These are KU (Register 12), KL (Register 13), QU 
(Register 14) and QL (Register 15). 

An 8-bit signed binary address displacement 
A 4-bit mask composed of a portion of the Status register (W): 


3 2 10 ^ — Bit No. 



H Scratchpad Data Counter Register H (Registers 10 and 11). 

I The Interrupt Control Bit in the Status register (W). 

ISAR Indirect Scratchpad Address Register 

J Scratchpad Register 9 

K Scratchpad Registers 12 and 13 

0 Overflow status 

p4 A 4-bit I/O port number 

p8 An 8-bit I/O port number 

PCO Program Counter 

PCI Stack register 

Q Scratchpad Registers 14 and 15 
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Any of the following operands and Scratchpad addressing modes: 

R direct address of bytes 0 through 1 1 
S implied addressing via ISAR 

I implied addressing via ISAR, with auto-increment of the low-order 
three ISAR bits 

D implied addressing via ISAR, with auto-decrement of the low-order 
three ISAR bits 
S Sign status 

sr The register specified by the r argument 

TMASK A 3-bit mask composed of a portion of the Status register (W); 


2 



TMASK 


Sign status 
Carry status 
Zero status 


W The CPU Status register 

Z Zero status 

x<y,z> Bits y through z of the quantity x. For example, A <3,0 > represents the low-order four bits of the Ac- 
cumulator; addr <15,8> represents the high-order eight bits of a 16-bit memory address 

[] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, 

then the designated register's contents are specified. If an I/O port number is enclosed within the brackets, 
then the I/O port contents are specified. If a memory address is enclosed within the brackets, then the con- 
tents of the addressed memory location are specified. 

[[ ]] Implied memory addressing; the contents of the memory location or register designated by the contents of 

a register 

A Logical AND 

V Logical OR 

V- Logical Exclusive OR 

♦— ’ Data is transferred in the direction of the arrow 

•• — » Data is exchanged between the two locations designated on either side of the arrow 


Under the heading of STATUSES in Table 2-1 , an X indicates statuses which are modified in the course of the instruc- 
tions' execution. If there is no X, it means that the status maintains the value it had before the instruction was ex- 
ecuted. A 0 or 1 means the status is cleared or set, respectively. 
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Table 2-1. 3870/F8 Instruction Set Summary 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION performed 

C 

z 

s 

0 




INS 

P4 

1 

0 

X 

X 

0 



tA]-[P4l 











Input to Accumulator from I/O port. 


IN 

P8 

2 

0 

X 

X 

0 



[A]-fP8j 

9 










Input to Accumulator from I/O port. 


OUTS 

P4 

1 







[P4l*-IAJ . 











Output to I/O port from Accumulator. 


OUT 

P8 

2 







[P8]-[A] 











Output to I/O port from Accumulator. 


LM 


1 







[A] — [toco]], [DC0]‘-tDC0]+ 1 











Load the Accumulator via DCO and auto-increment OCO. 


ST 


1 







[[DCO]]— [Al, [DCO]— [DCO+ 1] 











Store the Accumulator via DCO and auto-increment DCO. 


LR 

A,r 

1 







[A]-[SRI 











Load the contents of the specified register, SR, into the Accumulator. Increment or decrement 











ISAR if specified by r. 


LR 

A,DPCHR 

1 







[A]— [DPCHR] 











Load Accumulator with the conterfts of the specified DPCHR. 


LR 

r,A 








[SR1-[A] 

u . 










Load the contents of the Accumulator into the specified register. Increment or decrement ISAR 

O 

z 










if specified by r. 

UJ 

fiC 

LR 

DPCHR,A 

1 







[DPCHRl— [A] 

lU 

IL 










Load the contents of the Accumulator into the specified DPCHR. 

. c 

LR 

DCO.H 

1 







[DCO]-[H] 

>• 

ce 










Load the contents of Scratchpad registers 10 and 11 into DCO. 

o 

• 5 

LR 

DCO.Q 

1 







[DC0]-[Q] 

m 










Load the contents of Scratchpad registers 14 and 15 into DCO. 

s 

LR 

H.DCO 

1 







[H]— [DCO] 

K 










Load the contents of DCO into Scratchpad registers 10 and 11. 

i 

LR 

Q.DCO 

1 







[Q]— [DCoi 

ce 










Load the contents of DCO into Scratchpad registers 14 and 15. 


LR 

PCI.K 

1 







[PCI]— [K] 











Load the contents of Register K into the Stack register. 


LR 

K,PC1 

1 







[k]-[PC1] 











Load the contents of the Stack register into Register K. 


LR 

PCO.Q 

1 







[PCO]-[Q] 











Load the contents of Register Q into the Program Counter. 


PK 


1 







[PCI]— [PCO], [PCO]— [Qi 











Save the pontents of the Program Counter in the Stack register, then load the contents of 











Register Q into the Program Counter. 



Table 2-1. 3870/F8 



:tion Set Summary (Continued) 


OPERATION PERFORMED 


IA1'-[A]+ tSR] 

Add binary the contents of the specified register to the cdments of the Accumulator. Increment 
or decrement ISAR if specified by r. 

[A1*-IA)+ [SR] 

Add decirnal the contents of the specified register to the contents of the Accumulator; that is, 
both numbers are assumed to be BCD digits. Increment or decrement ISAR if specified by r. 
[A]^[Al A [SRl 

' AND the contents of the specified register with the contents of the Accumulator. Increment or 
decrement ISAR if specified by r. 
iA]-^[A]V-[SRl 

Exclusive-OR the contents of the specified register with the contents of the Accumulator. Incre- 
ment or decrement the ISAR if specified by r. 

[SR]— [SRl-1 

Decrement the specified register. Increment or decrement ISAR if specified by r. 

[A]— (A]+ [[DCO]], [DCO]— [DC0] + 1 

Add Accumulator contents to the contents of the memory location addressed by DCO. Incre- 
ment DCO. 

[A]— [A]+([DCO]], [DCO]— [DC0]+1 

Decimal add Accumulator contents to the contents of the memory location addressed by DCO. 
Increment DCO. 

[A]— [A] A [[DCO]], [DCO]— [DC0]+ 1 

AND Accumulator contents with the contents of the memory location addressed by DCO. Incre- 
ment DCO. 

[A]— [A] V [[DCO]], [DCO]— [DCO] + 1 

OR Accumulator contents with the contents of the memory location addressed by DCO. Incre- 
ment DCO. 

[A]— [A]-V-[[DCO]], [DCO]— [DC0]+1 

Exclusive-OR Accumulator contents with the contents of the memory location addressed by 
DCO. Increment DCO. 

[[DCO]] - [A], [DCO]— [DCO] + 1 

Subtract the contents of the Accumulator from the contents of the memory location addressed 
' by DCO. Only the status flags are affected. Increment DCO. 

(ISAR<5,3>]— DATA3 

Load immediate into the upper three bits of the ISAR. 

[ISAR<2.0>]-DATA3 

Load immediate into the lower three bits of the ISAR. 

[DCO]— ADDR 

Load immediate data into the DCO. 

[A<3,0>] — DATA4 

Load immediate data into the lower four bits of the Accumulator. Clear the high four bits of the 
Accumulator. 

[A]— DATA8 

Load immediate data into Accumulator. 
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Table 2-1. 3870/F8 Instruction Set Summary (Continued) 








STATUSES 



MNEMONIC 

OPERAND(S) 






OPERATION PERFORMED 



C 

z 

S 

0 







Al 

DATA8 

2 

X 

X 

X 

X 



lAl— [A1 + DATA8 

tu 










Add immediate to Accumulator: 

< 

ce 

Nl 

DATA8 

2 

0 

X 

X 

0 



[A]—! A] ADATA8 

a. 










AND immediate with Accumulator. 

o 

01 

DATA8 

2 

0 

X 

X 

0 



(Al— [A] VDATA8 











OR immediate with Accumulator. 

o 

XI 

DATA8 

2 

0 

X 

X 

0 



lAl— [A1V-DATA8 

s 










Exclusive-OR immediate with Accumulator. 

s 

Cl 

DATA8 

2 

X 

X 

X 

X 



DATA8- [A] 











Compare immediate; subtract Accumulator contents from immediate data, but only the status 











flags ate affected. 


PI 

ADDR 

3 







[PC1]~tPC0], [PCOl^ADDR 











Save Program Counter in Stack register, then load immediate address into Program Counter. 

0. 

BR 

DISP 

2 







IPC01*-[PC0] + DISP 

3 










Add immediate displacement to contents of Program Counter. 


JMP 

ADDR 

3 







[PCOl — ADDR, [A]^ADDR<15,8> 











Load immediate address into Program Counter, Load the high order byte of the address into the 
Accumulator. 


BT 

. DATA3,DISP 

2 







If DATA3 VTMASK ys 0 then [PCOl~[PCO] + DISP 











OR the 3 bits of immediate data with the current TMASK. If any resulting bit is a 1, add the dis- 
placement to PCD. 


BF 

DATA4,DISP 

2 







If DATA4 = FMASK, then [ PCD]— [ PCD] + DISP 











If the 4 bits of immediate data are equal to FMASK, add the displacement to PCD. 


BP 

DISP 

2 







If isl = 1 then [PCD]— [PCD] + DISP 











Branch relative if the Sign bit is set. 


BC 

DISP 

2 







If [C] = 1 then IPCO]— IPCOI + DISP 

o 










Branch relative if the Carry bit is set. 

■ b , 

BZ 

DISP 

2 







If I Z] =5 1 then [PCD]— I PCD] + DISP 

z 










Branch relative if the Zero bit is sat. 

o 

BM 

DISP 

2 







If [S]=utnen irCOl— [PCOl + DISP 

"o 










Branch relative if the Sign bit is reset. 

z- 

BNC 

DISP 

2 







If I C] = 0 then [ PCD] — t PCD] + DISP 

z 










Branch relative if the Carry bit is reset. 

g 

BNZ 

DISP 

2 







If [Zl =0 then.[PCO)— IPCOI + DISP 


BNO 

DISP 

2 







Branch relative if the Zero bit is reset. 

If [0] =0 then [PCD]— [PCOJ + DISP 











Branch relative if the Overflow bit is reset. 


BR7 

DISP 

2 







If [ISAR<2,0>] = 7 then [PCD]— [PCD] + DISP 











If the low three bits of the ISAR are not all 1s. branch relative. 
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Table 2-1. 3870/F8 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 


z 

s 

0 



oc 

XDC 


1 







tDCO] ‘[DCI] 

H 










Exchange :the contents of DCO with the contents of DC1. 

a 

LR 

A.IS 

1 







[Al— tISARl 

> 










Load the contents of ISAR into the Accumulator. 

(£ O 

LR 

IS.A 

1 







tlSARl — [A] 

0) 










Load the contents of the Accumulator into the ISAR. 

5 

POP 


1 







IPCO]— tPCI] 

OC 










Load the contents of the Stack register into the Program Counter. 

GC QC uj 

ADC 


1 

0 

X 

1 

0 



[DCOl— [DC01+ [A] 

^ < 










Add the contents of DCO to the contents of the Accumulator, which is treated as a signed binary 

5 5 2 










number. Store the. result in DCO. 

ce e O 












SR • 

1 

1 

0 

X 

1 

0 



0 — o|->- 











Shift the contents of the Accumulator right one bit. The most significant bit becomes a 0. 


SR 

4 

1 

0 

X 

1 

0 



0000 [T~ 1 ^ , ol 











1 4 











Shift the contents of the Accumulator right four bits. The most significant four bits become Os. 

UJ 

SL 

1 

■ 

0 

X 

X 

0 




< 






' 




Shift the contents of the Accumulator left one bit. The least significant bit becomes a 0. 

Ul 

a. 











oc 

SL 

4 


0 

X 

X 

0 



[i 1 

h* 

(A 










A r 

o 










Shift the contents of the Accumulator left four bits. The least significant four bits become Os. 

ce 












COM 



0 

X 

X 

0 



lAl-lAl 











Complement Accumulator contents. 


LNK 



X 

X 

X 

X 



IA]-[A] + C 











Add the Carry to the contents of the Accumulator. 


INC 


1 

X 

X 

X 

X 



IA]-[A]+1 











Increment the contents of the Accumulator. 


CLR 









lAl.-O 




1 







Clear the Accumulator. 
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Table 2-1. 3870/F8 Instruction Set Summary (Continued) 







STATUSES 


TYPE 


OPERAND(S) 

BYTES 




OPERATION PERFORMED 


C 

Z ' 

. S 

0. 







0. 

Dl 


1 







[1] — 0 

oc 










Set the interrupt enable^ bit in the Status register,. W, to 0. 

Ul 

h- 

El 


, 1 







[I]-1 

z 










Set the Interrupt enable bit in the Status register, W, to'1. - 


LR 

W,J 

1 







(W]-[J] 











Move the contents of Scratchpad register 9 into the Status register, W. 

W 

LR 

J,W 

1 







[J]— IW] 










Move the contents of the Status register, W, into Scratchpad register 9. 


NOP 


1 







No operation is performed. This is not a Halt. 




THE 3870 BENCHMAi^K PROGRAM 

The fact that the 3870 has just 64 bytes of read/write memory makes the benchmark program used in this book 
somewhat meaningiess. We will therefore substitute a program similar to the one given in Chapter 1 for the 
TMSIOOO. A block of data is to be input via I/O Port 0. The first byte of data identifies the length of the data block to 
follow: this data block must be less than 48 bytes in length so that it will fit into scratchpad memory starting at 
scratchpad byte 10'i6- Here is the necessary program: 


INS 

0 

INPUT FIRST BLOCK LENGTH BYTE 

LR 

O.A 

SAVE IN SCRATCHPAD BYTE 0 

LlSU 

1 

INITIALIZE ISAR 

LISL 

0 


INS 

0 

INPUT DATA BYTE 

LR 

S,A 

SAVE IN NEXT SCRATCHPAD BYTE 

LR 

A.IS 

INCREMENT ALL SIX ISAR BITS 

INC 



LR 

IS.A 


DS 

0 

DECREMENT SCRATCHPAD BYTE 0 

BNZ 

LOOP 

RETURN IF NOT ZERO 



Figure 2-4. Instructions That Move Data Between the Scratchpad and Various Registers 
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m 


MNEMONIC 

OPERANDIS) 

AOC 


Al 

DATA8 

AM 


AMD 


AS 

ASO 

r 

r 

BF ( 

Branch < 

DATA4,DISP 

No ( 

Branch ( 
BR7 ( 

No' Branch \ 

DISP 

Branch 

bt j 

No < 

Branch \ 

DATA3,DISP 

Branch ^ 


Cl 

DATA8 

CM 


COM 

DCI 

ADDR 

01 


DS 

El 

f 

IN 

P8 

INC 

INS 

0 or 1 

INS 2 

through 

15 

(INTERRUPT) 

1 

JMP 

ADOR 

LI 

DATA8 

US 

USL 

DATA4 

DATA3 


Table 2-2. Timing and ROMC States for F8 Instruction Set 


ROMC 
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Table 2-2. Timing and ROMC States for F 8 Instruction Set (Continued) 


MNEMONIC 

OPERAND(Sl 

CYCLE 

ROMC 

STATE 

PK 


L 

12 



L 

14 



S 

0 

POP 


S 

4 



s 

0 

(RESET! 

s 

1C 



L 

8 



S 

0 

SL 

1 

S 

0 

SL 

4 

S 

0 

SR 

1 

s 

0 

SR 

4 

i S 

0 

ST 


L 

5 



S 

0 

XI 

DATA8 

L 

3 



S 

0 

XM 


L 

2 



S 

0 

XS 

r 

S 

0 


The following symbols are used in Table 2-3: 


aaaa 


cc 


d 


Four bits choosing the register addressing mode; 

0000-101 1 Registers 0 - B directly addressed 

1100 ISAR addresses the register 

1101 ISAR addresses the register. Increment low three bits of ISAR. 

1110 ISAR addresses the register. Decrement low three bits of ISAR. 

1111 NOP. No operation is performed if aaaa=Fi 0 . 


Two bits choosing a Scratchpad register; 

00- KU Scratchpad Register 1 2 

01 - KL Scratchpad Register 13 

10- QU Scratchpad Register 1,4 

11 - QL Scratchpad Register 15 

One bit of immediate data. 


eeee A 4-bit port number, 
qqqq A 16-bit address. 


rr An 8 -bit signed displacement. 

ss An 8 -bit port number. 

yy One byte (8 bits) of immediate data. 

When two numbers are given in the "Machine Cycles" column (for example, 3/3.5), the first is the execution time if no 
branch is taken, and the second is execution time if the branch is taken. 
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Table 2-3. 3870/F8 Instruction Set Object Code 


o 


CL 

oc 

o 

u 

z 


lU 

Z 

DC 

o 

m 

CO 


O 




< 

Q 

< 




INSTRUCTION 

OBJECT 

CODE 

BYTES 

MACHINE 

CYCLES 


INSTRUCTION 

OBJECT 

CODE 

BYTES 

MACHINE 

CYCLES 

ADC 

8E 

1 

2.5 


LNK 

19 

1 

1 

Al DATA8 

24 YY 

2 

2.5 


LR A.DPCHR 

OOOOOOcc 

1 

1 

AM 

88 

1 

2.5 


LR A.IS 

OA 

1 

1 

AMD 

89 

1 

2.5 


LR A,r 

OlOOaaaa 

1 

1 

AS r 

llOOaaaa 

1 

1 


LR DC,H 

10 

1 

4 

ASD r 

llOlaaaa 

1 

2 


LR DC.Q 

OF 

1 

4 

BC DISP 

82 RR 

2 

3/3.5 


LR DPCHR,A 

OOOOOIcc 

1 

1 

BF DATA4,DISP 

lOOIdddd 

2 

3/3.5 


LR H.DC 

11 

1 

4 


RR 




LR IS, A 

OB 

1 

1 

BM DISP 

91 RR 

2 

3/3.5 


LR J,W 

IE 

1 

1 

BNC DISP 

92 RR 

2 

3/3.5 


LR K.PCI 

08 

1 

4 

BNO DISP 

98 RR 

2 

3/3.5 


LR PCO.Q 

OD 

1 

4 

BNZ DISP 

94 RR 

2 

3/3.5 


LR PCI.K 

09 

1 

4 

BP DISP 

81 RR 

2 

3/3.5 


LR Q.DC 

OE 

1 

4 

BR DISP 

90 RR 

2 

3.5 


LR r,A 

OlOlaaaa 

1 

1 

BR7 DISP 

8F RR 

2 

3/3.5 


LR W,J 

ID 

1 

2 

BT DATA3,DISP 

lOOOOddd 

2 

3/3.5 


Nl DATA8 

21 YY 

2 

2.5 


RR 




NM 

8A 

1 

2.5 

BZ DISP 

84 

2 

3/3.5 


NOP 

2B 

1 

1 


RR 




NS r 

1 1 1 laaaa 

1 

1 

Cl DATA8 

25 YY 

2 

2.5 


01 DATA8 

22 YY 

2 

2.5 

CLR 

70 

1 

1 


OM 

8B 

1 

2.5 

CM 

8D 

1 

2.5 


OUT P8 

27 SS 

2 

4 

COM 

18 

1 

1 


OUTS P4 

lOlleoee 

1 

4 

DCI ADDR 

2A QQQQ 

3 

6 


PI ADDR 

28 QQQQ 

3 

6.5 

Dl 

1A 

1 

2 


PK 

OC 

1 

4 

DS r 

OOllaaaa 

1 

1.6 


POP 

1C 

1 

2 

El 

IB 

1 

2 


SL 1 

13 

1 

1 

IN P8 

26 SS 

2 

4 


SL 4 

15 

1 

1 

INC 

IF 

1 

1 


SR 1 

12 

1 

1 

INS P4 

lOIOeeee 

1 

4 


SR 4 

14 

1 

1 

JMP ADDR 

29 QQQQ 

3 

5.5 


ST 

17 

1 

2.5 

LI DATA8 

, 20 YY 

2 

2.5 


XDC 

2C 

1 

2 

LIS DATA4 

Ollldddd 

1 

1 


XI DATA8 

23 YY 

2 

2.5 

LISL DATA3 

OllOlddd 

1 

1 


XM 

8C 

1 

2.5 

LlSU DATA3 

OllOOddd 

1 

1 


XS r 

1 1 lOaaaa 

1 

1 

LM 

16 

1 

2.5 







THE 3850 CPU 


Beginning with the 3860 CPU, we are going to describe the individual devices of the F8 microcomputer system. 
The 3850 CPU and the 3851 PSU descriptions depend on the preceding 3870 discussion for a frame of 
reference. That is to say, these two F8 devices are described as variations of the 3870, rather than as stand- 
alone devices. 

Functions implemented on the 3860 CPU are illustrated in Figure 2-6. 

These are the functions which one would expect to find on a CPU chip, and which are on the 3850 CPU: 

-The Arithmetic and Logic Unit 

-The Control Unit and Instruction register 

- Logic needed to interface the System Bus with the control signals which are input and output by the CPU 

- Accumulator register 

There is no memory addressing logic, and there are no memory addressing registers on tho 3850 CPU. Stack 
Pointer, Program Counter and Data Counter registers are all maintained on memory chips and memory interface 
chips. 

With the F8 scheme, memory addressing logic will be duplicated if more than one memory device is present in 
an F8 microcomputer system. We will discuss shortly how potential contention problems are resolved under 
these circumstances. 
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Arithmetic and 
Logic Unit 


Accumulator 

RegisteKs) 


Instruction Register 


Bus Interface 
Logic 


I/O Ports 
Interface Logic 


Logic to Handle 
Interrupt Requests 
from 

External Devices 


Data Countens) 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Interrupt Priority 
Arbitration 


Program Counter 


System Bus 


I/O Communication 
Serial to Parallel 
Interface Logic 


ROM Addressing 
and 

Interface Logic 


Read Only 
Memory 


Programmable 

Timers 


Figure 2-5. Logic of the Fairchild F8 3850 CPU 


Two advantages accrue from having no memory address logic on the CPU chip: 

1) No address lines are needed on the System Bus, so neither the CPU nor connecting devices need 16 address pins. 
These 16 pins are used instead to implement two 8-bit I/O ports at each device. 

2) The real estate on the CPU chip which would have been used by Address registers and memory addressing logic is 
available for other purposes; it is used to implement 64 bytes of read/write memory. 

Having I/O ports and read/write memory on the CPU chip paves the way for some very low-cost small 
microcomputer configurations; for example, the 3850 CPU and the 3851 PSU form a two-device microcomputer 
system, with all of the necessary prerequisites for reasonable performance. Until the advent of the 3870 single-chip 
microcomputer, this two-chip configuration represented the lowest cost 8-bit microcomputer on the market. 

The disadvantage of removing memory addressing logic from the CPU chip is that standard memory devices can 
no longer connect directly to the System Bus. This bus has no address lines; therefore, separate logic devices must 
create the interface needed by standard memories. In the F8 system this is done by the 3852 DMI and the 3853 SMI 
devices. 

Clock signal generation logic is also part of the 3850 CPU. This is now standard among microcomputers. 
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F8 PROGRAMMABLE REGISTERS AND STATUS FLAGS 

F8 programmable registers and status flags are identical to the 3870. For details, refer to the earlier discussion. 

F8 ADDRESSING MODES 

3870 and F8 addressing modes are identical, both for scratchpad memory and for external program memory. But 
memory addressing logic is implemented on F8 memory devices, not on the 3860 CPU. 

Every 3851 PSD contains its own Program Counter (PCO), Stack register (PSD, and Data Counter (DCO). The 3851 PSD 
has no Data Counter buffer (DC1). 

The 3852 DMI and 3853 SMI devices contain all four Address registers: PCO, PCI, DCO and DC1. 

Since Address registers are present on every PSU, DMI or SMI device in an F8 microcomputer system, these 
registers will be duplicated in any F8 system that contains more than a minimum amount of memory. So long as 
the microcomputer system has been correctly configured, this presents no problem. Every memory device contains 
identical connections to the common System Bus, and instructions that modify the contents of any Address register do 
so identically for all memory devices. For example, if there are three memory devices, and therefore three Program 
Counters in an F 8 system, every Program Counter is incremented identically after a byte of object code is fetched. This 
being the case. Address registers on different memory devices will always contain identical address information. 

Every F8 device that contains memory addressing logic also contains a memory address mask which you must 
define when ordering the device. This mask identifies the device's addressed space. Thus, a memory device will only 
respond to memory accesses within its address space, So long as no two devices have overlapping address spaces 
(and if they do, that is a logic design error) there is no chance for memory contentions to arise. In order to illustrate 
this point, consider the very simple example of an F 8 configuration that contains two 3851 PSUs. Each 3851 PSU con- 
tains 1024 bytes of read-only memory. Let us assume that 3851 PSU #1 responds to memory addresses in the range 
OOOO 10 through OSFFig. while PSU #2 responds to memory addresses in the rangeO 4 OOi 0 through O 7 FFi 0 . This may 
be illustrated as follows: 


These two Program 
Counters always 
contain the 


PSU 1 


same information 


PSU 2 



PSU 1 responds only if PCO or DCO bits 10 through 
15 are 000000, because 

OOOOie =00000000000000002 
03FFie = 00000011111111112 

MASK 


PSU 2 responds only if PCO or DCO bits 10 through 
15 are 000001, because 


040016 = 00000100000000002 
07FFi6 = 00000111111111112 


MASK 


Any memory reference instruction will identify a memory address as the contents of either the Program Counter (PCO) 
or the Data Counter (DCO). When this address is in the range OOOO 10 through O 3 FF-| 0 , PSU #1 will respond but PSU 
#2 will not. If this address is in the range O 4 OOi 0 through O 7 FFi 0 , then PSU #2 will respond but PSU #1 will not. A 
memory address of O 8 OO 10 or more will result in neither PSU responding. 

There is one circumstance under which memory addressing contentions can arise. Since the 3851 PSU does not con- 
tain a DC1 register, it does not respond to the XDC instruction which exchanges the contents of the DCO and DC1 
registers. Therefore, in an F 8 configuration that contains 3851 PSUs together with 3852 DMI and/or 3853 SMI devices, 
execution of an XDC instruction will result in 3851 PSU DCO registers containing different information from 3852 DMI 
or 3853 SMI DCO registers. If an external data memory reference instruction is now executed, it is possible for a 3851 
PSU and 3852 DMI or 3853 SMI device to simultaneously consider itself selected. For example, consider an F 8 con- 
figuration which contains a 3851 PSU and 3853 SMI. Suppose the 3851 PSU mask causes it to respond to addresses in 
the range OOOO 10 through O 3 FFi 0 , while the 3853 SMI responds to all other memory addresses. Now, if Data Counter 
DCO contains O 2 A 3'|0 while the Data Counter buffer (DCl) contains OA 7 Fi 0 , then, following execution of an XDC in- 
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struction, nothing will happen to the contents of the 3851 PSD DCO register: however, the 3853 SMI DCO register will 
contain OA7Fi0. Any instruction that accesses data memory via DCO will now cause both the 3851 PSD and the 3853 
SMI to consider themselves selected. 

In F8 configurations that include the 3851 PSD together with 3852 DMI or 3853 SMI devices, the best way of avoiding 
memory addressing problems is to not use the XDC instruction. If you do use the XDC instruction, you must be particu- 
larly careful to ensure that DCO is never within a 3851 PSU's address space when the XDC instruction is executed. 

F8 CLOCK CIRCUITS 

Three ways of generating an F8 system clock have been advertised; these are the RC mode. Crystal mode, and 
External mode. Only Crystal mode has worked consistently in practice. 

Using the Crystal mode, a crystal in the 1 to 2 MHz range connects across the XTLX and XTLY pins; along with 
two capacitors (Ci and C 2 ). which provide a highly precise clock frequency; 

Vss 



Vgg 


The external crystal (and capacitors), together with internal circuitry, combine to form a parallel resonant crystal 
oscillator. The two capacitors should be approximately 15pF. The crystal should have these characteristics: 

Frequency: 1 to 2 MHz 
Mode of Oscillation: Fundamental 
Operating Temperature Range: 0 to 70°C 
Equivalent Resistance: 1 to 1.5 MHz ~ 475(1 
1.5 to2 MHz~350n 

Resonance; Parallel 
Drive Level; lOmW 
Load Capacity: ~ 15pF 

Frequency Tolerance: customers requirements 

Holder (case) Style: 

You can use an external clock to synchronize an F8 system with external logic. The clock signal must be input to the 
3850 XTLY pin as follows: 

Yss 
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Table 2-4. ROMC Signals and What They Imply 


ROMC 

4 3 2 1 0 

HEX 

CYCLE 

LENGTH 

. FUNCTION 

0 0 0 0 0 

00 

S,L 

Instruction Fetch. The device whose address space includes the contents of the PCO register must place 
on the Data Bus the op code addressed by PCO. Then all devices increment the contents of PCO. 

0 0 0 0 1 

01 

L 

The device whose address space includes the contents of the PCO register must place on the Data Bus 
the contents of the memory location addressed by PCO. Then all devices add the 8-bit value on the Data 

Bus, as a signed binary number, to PCO. 

0 0 0 10 

02 

L 

The device whose DCO addresses a memory word within the address space of that device must place 
on the Data Bus the contents of the memory location addressed by DCO. Then all devices increment 

DCO. 

0 0 0 11 

03 

L,S 

Similar to 00, except that it is used for Immediate Operand fetches (using PCO) instead of instruction 
fetches. 

0 0 10 0 

04 

S 

Copy the contents of PCI into PCO. 

0 0 10 1 

05 

L 

Store the Data Bus contents or write bus contents into the memory location pointed to by DCO. Incre- 
ment DCO, 

0 0 110 

06 

L 

Place the high order byte of DCO on the Data Bus, 

0 0 111 

07 

L 

Place the high order byte of PCI on the Data Bus. 

0 10 0 0 

08 

L 

All devices copy the contents of PCO into PCI. The CPU outputs zero on the Data Bus in this ROMC 
state. Load the Data Bus into both halves of PCO thus clearing the register. 

0 10 0 1 

09 

L 

The device whose address space includes the contents of the DCO register must place the low order 
byte of DCO onto the Data Bus. 

0 10 10 

OA 

L 

All devices add the 8-bit value on the Data Bus, treated as a signed binary number, to the Data Counter. 

0 10 11 

OB 

L 

The device whose address space includes the value in PCI must place the low order byte of PCI on the 

Data Bus. 

0 110 0 

OC 

L 

The device whose address space includes the contents of the PCO register must place the contents of 
the memory word addressed by PCO onto the Data Bus. Then all devices move the value which has just 
been placed on the Data Bus into the low order byte of PCO. 

0 110 1 

OD 

S 

All devices store in PCI the current contents of PCO, incremented by 1. PCO is unaltered. 

0 1110 

OE 

L 

The device whose address space includes the contents of PCO must place the contents of the word ad- 
dressed by PCO onto the Data Bus. The value on the Data Bus is then moved to the low order byte of 

DCO by all devices. 

0 1111 

OF 

L 

The interrupting device with highest priority must place the low order byte of the interrupt vector on the 

Data Bus. All devices must copy the contents of PCO into PCI. All devices must move the contents of 
the Data Bus into the low order byte of PCO. 

1 0 0 0 0 

10 

L 

Inhibit any modification to the interrupt priority logic. 

10 0 0 1 

11 

L 

The device whose memory space includes the contents of PCO must place the contents of the ad- 
dressed memory word on the Data Bus. All devices must then move the contents of the Data Bus to the 
upper byte of DCO. 

10 0 10 

12 

L 

All devices copy the contents of PCO into PCI. All devices then move the contents of the Data Bus into 
the low order byte of PCO. 

10 0 11 

13 

L 

The interrupting device with highest priority must move the high order half of the interrupt vector onto 
the Data Bus. All devices must move the contents of the Data Bus into the high order byte of PCO. The 
interrupting device will reset its interrupt circuitry (so that it is no longer requesting CPU servicing and 
can respond to another interrupt). 

10 10 0 

14 

L 

All devices move the contents of the Data Bus into the high order byte of PCO. 

10 10 1 

15 

L 

All devices move the contents of the Data Bus into the high order byte of PCI. 

10 110 

16 

L 

All devices move the contents of the Data Bus into the high order byte of DCO. 

10 111 

17 

L 

All devices move the contents of the Data Bus into the low order byte of PCO. 

110 0 0 

18 

L 

All devices move the contents of the Data Bus into the low order byte of PCI. 

110 0 1 

19 

L 

All devices move the contents of the Data Bus into the low order byte of DCO. 

1 1 0, 1 0 

1A 

L 

During the prior cycle an I/O port timer or interrupt control register was addressed. The device contain- 
ing the addressed port must move the current contents of the Data Bus into the addressed port. 

110 11 

IB 

L 

During the prior cycle the Data Bus specified the address of an I/O port. The device containing the ad- 
dressed I/O port must place the contents of the I/O port on the Data Bus. (Note that the contents of 
timer and interrupt control registers cannot be read back onto the Data Bus.) 

1110 0 

1C 

L or S 

None. 

1110 1 

ID 

S 

Devices vyith DCO and DC1 registers must switch registers. Devices without a DC1 register perform no 
operation. 

11110 

IE 

L 

The device whose address space includes the contents of PCO must place tlie low order byte of PCO 
onto the Data Bus. 

11111 

IF 

L 

The device whose address space includes the contents of PCO must place the high order byte of PCO on 
the Data Bus. 
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F8 CPU PINS AND SIGNALS 

3850 CPU pins and signals are illustrated in Figure 2-6. A description of these signals is useful as a guide to the 
way in which the F8 microcomputer system works. 



RC 
XTLX 
XTLY 
EXT RE S 

I/O 04 
DB4 
I/O 14 
I/O 15 
DBS 
I/O 05 
I/O 06 
DBS 
I/O 16 
I/O 17 
DB7 
I/O 07 
Voc 

INT REQ 
ICB 

ROMC4 


Pin Name 


Description 


Type 


*DB0 - DB7 
WRITE 

I/O 00 - I/O 07 

I/O 10-1/0 17 

♦ ROMCO - ROMC4 

* EXT RES 

*INT REQ 

•ICB 

RC 

XTLX 

XTLY 

VSS' Vdd- Vgg 


Data Bus Lines 
Clock Lines 
I/O Port Zero 
I/O Port One 
Control Lines 
External Reset 
Interrupt Request 
Interrupt Control Bit 
Clock Oscillator 
Crystal Clock Line 
External Clock Line 
Power Lines 


Bidirectional 

Output 

Bidirectional 

Bidirectional 

Output 

Input 

Input 

Output 

Input 

Output 

Input 


•These signals connect to the System Bus. 


Figure 2-6. Fairchild 3850 CPU Signals and Pin Assignments 


The Data Bus lines (DBO - DB7) and the control lines (ROMCO - R0MC4) provide the heart of all data and control 
information flow. 

The Data Bus lines are common, bidirectional lines, and are the only conduit for data to be transmitted between devices 
of an F8 microcomputer system. 

A lack of address lines on the System Bus usually means that data and addresses must be multiplexed on a 
single set of eight iines — which slows down all memory reference operations; they must now proceed in three 
serial increments, rather than in one parailei increment. In the F8 System Bus. multiplexing is rarely needed, 
since addresses originate within memory devices, or memory interface devices, whence they are transmitted 
directiy to memory. In other words, the only time addresses are ever transmitted on the Data Bus is when they are 
being transmitted as data. 

Refer to Figure 2-1. Suppose a memory reference instruction needs to access a byte of dynamic RAM. ROMC control 
signals (described in the next paragraph) specify that the memory byte whose address is implied by the Data Counters 
(DCO) is to be referenced. Every memory device receives the ROMC control signals, but only the 3852 DMI finds that its 
address space includes the Data Counter implied address; therefore, only the 3852 DMI will respond to the memory 
reference instruction. The 3852 DMI then outputs an address directly to dynamic RAM: this address is not transmitted 
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cc 

o 

ffi 

w 

o 

S 

< 

Q 
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via the System Bus. If the memory reference instruction requires data to be input to or output from dynamic RAM, the 
data transfer occurs directly between the System Bus and Dynamic RAM, bypassing the 3852 DMI entirely. 


ROMC STATE 


Since the 3851 PSD, the 3852 DMI and the 3853 SMI devices all contain Address registers and 
address generation logic, they also contain rudimentary Arithmetic and Logic Units equivalent to 
very primitive CPUs. These primitive CPUs are driven by 5-bit instructions called ROMC states. ROMC states are out- 
put by the 3850 CPU via five controi iines, ROMCO-ROMC4. Each five-bit combination of ROMC signal states 
identifies one of 32 possible operations which the memory devices may have to perform to accomplish one step of an 
instruction's execution. For example, ROMC state 00000 causes the contents of memory bytes addressed by the Pro- 
gram Counter to be transmitted to the CPU: this is the "instruction fetch" ROMC state. Table 2-4 summarizes the in- 
terpretation of ROMC states. 


<i) and WRiTE are two timing signais output by the 3850 CPU to synchronize events within the rest of the F8 system. 


The EXT RES iine disabiea interrupts and loads a 0 address into all Program Counters, causing program execution to 
restart with the instruction code stored in external memory byte 0. 

INT REQ and ICB are signais used for oyeraii interrupt control. INT REQ is the master jihe on which all interrupt re- 
quests are transmitted to the 3850 CPU. ICB is output low by the CPU if interrupts are enabled, and it is output high by 
the CPU if interrupts are disabled. 

The two I/O ports which are part of the 3860 CPU device use pins 1/000 - i/007 and 1/010 - 1/01 7, respectively. 
RC, XTLX and XTLY are the three pins used for clock inputs. 


F8 TIMING AND INSTRUCTION EXECUTION 

All instructions are executed in cycles, which are timed by the trailing edge of WRITE. 

There are two types of instruction cycle, the short cycle which is four $ clock periods long, and the long cycle 

which is six clock periods long. The long cycle is sometimes referred to as 1 .5 cycles. WRITE high appears only at the 
end of an instruction cycle. Timing may be illustrated as follows: 



The simplest instructions of the F8 instruction set execute in one short cycle. The most complex instruction (PI) re- 
quires two short cycles plus three long cycles. 

Table 2-2 summarizes the sequence in which short (S) and long (L) machine cycles are executed for each F8 in- 
struction. ROMC states defining operations performed during each machine cycle are summarized in Table 2-4. 
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The trailing edge of the WRITE pulse triggers the next ROMC state to be output on the ROMCO - ROMC4 lines: 

I I 



I > 


For any instruction that only accesses the Accumulator or scratchpad memory, no further System Bus activity is .re- 
quired, since all subsequent operations \will occur within the F8 CPU. This inactivity on the System Bus is used to over- 
lap the last (or only) machine cycle of one instruction with the instruction fetch for the next instruction. For instructions 
that execute in a single machine cycle, accessing only logic within the 3850 CPU, timing may be illustrated as follows; 


I I I 



Instructions that do access external memory or I/O ports will always terminate with a machine cycle that does not 
cause any System Bus activity: the next instruction is fetched during this machine cycle. This may be illustrated as 
follows: 



If for any reason data is to be transferred via the Data Bus during a machine. cycle, then the data appears on the Data 
Bus at some time which depends on the data source or destination. For details, see the data sheets at the end of this 
chapter. There are no accompanying control signals since none are needed; the ROMC state identifies events which are 
occurring. Timing for any machine cycle that involves data transfer via the Data Bus may be illustrated as fpllows: 
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F8 I/O PORTS 

Logic associated with each F8 I/O port pin may be illustrated as follows: 


F8 


+ 5V 


+ 5V 





External logic 


The characteristics of F8 I/O port pins differ markedly from the 3870. The only point of similarity is the fact that both 
have inverse logic; when you output a 1-bit, OV is output to external logic; when you write a 0-bit, a +5V voltage is 
output to external logic. Conversely, external logic must input OV for a 1 input bit and -I-5V for a 0 input bit. 

On reset or power up, F8 I/O port pins are indeterminate. You must therefore start every Reset instruction sequence 
with instructions that initialize all I/O port pins. In contrast, the 3870 clears I/O Port 4 and 5 pins on reset; this gener- 
ates +5V outputs since logic is inverted. 

When using 3870 or F8 I/O ports, the following restrictions apply: 

1 ) You must write 0 to every I/O port pin that is to receive data input. This is because external logic cannot write a 0 
to any I/O port pin that previously had a 1 bit output by the CPU. 

2) The CPU cannot output a 0 bit (+5V output) to an I/O port pin if the pin is connected to external logic that is input- 
ting a 1 bit (OV input). 

A SUMMARY OF F8 INTERRUPT PROCESSING 

The interrupt handling capabilities of the F8 system are described with the 3851 PSU and 3853 SMI devices. 
Although many different interrupt priority arbitration schemes could be implemented, the simplest scheme 
would be to daisy chain 3851 PSUs, terminating the daisy chain with a 3853 SMI if present. 

As soon as an interrupt is acknowledged, the contents of Program Counters (PCO) are saved in Stack registers (PCI): 
then an interrupt vector address is loaded into the Program' Counters. This address is a permanent mask option for 
PSUs, with the exception of bit 7, which discriminates between timer interrupts and external interrupts. The interrupt 
address vector is completely programmable for the 3853 SMI, again with the exception of bit 7, which discriminates 
between timer interrupts and external device interrupts. 

Post-interrupt housekeeping operations must be handled via an appropriate program. Defining just what this program 
consists of is not simple; an F8 system has only the Accumulator and Status register which must be saved, but at the 
other extreme, it has the entire scratchpad which could be saved. 

THE F8 INSTRUCTION SET 

The F8 and 3870 instruction sets are identical; for details see Table 2-1 and associated text. 
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THE BENCHMARK PROGRAM 

Now consider our benchmark program: for the F8 it looks like this: 


DCI 

TABLE 

LOAD TABLE BASE ADDRESS 

LM 


LOAD DISPLACEMENT TO FIRST FREE BYTE 

ADC 


ADD TO BASE ADDRESS 

XDC 


SAVE THIS ADDRESS IN DCI 

DCI 

lOBUF 

LOAD I/O BUFFER BASE ADDRESS 

LOOP LM 


LOAD NEXT BYTE FROM I/O BUFFER 

XDC 


SWITCH ADDRESSES 

ST 


STORE IN NEXT BYTE OF TABLE 

XDC 


SWITCH ADDRESSES 

DS 

0 

DECREMENT I/O BUFFER LENGTH 

BNZ 

LOOP 

RETURN IF NOT END 

LR 

H,DC 

IF END, STORE SECOND BYTE OF CURRENT 

LR 

A,HL 

TABLE ADDRESS AS DISPLACEMENT TO 

DCI 

TABLE 

. FIRST FREE BYTE 

ST 




The benchmark program above makes the following assumptions: 

1) The I/O buffer can be located anywhere in read/write memory. 

2) The number of occupied bytes in the I/O buffer is maintained in scratchpad byte 0. Thus, decrementing scratchpad 
byte 0 to zero provides the I/O buffer length. 

3) The permanent data table beginning memory address has all Os for the low-order eight bits; 


The table is not more than 256 bytes long, and the displacement to the first free byte is stored in the first byte of the ta- 
ble. Since the table beginning address has Os in the low-order eight bits, the displacement to the first free byte also 
becomes the low-order eight bits of the first free byte address; 

Table beginning address pqOO 


Address of first free byte 


pq and rs are hexadecimal digits 


All of the above assumptions are valid — and, depending upon the application, may also be realistic. Removing any of 
the above assumptions will make the F8 program longer, by removing one of the inherent strengths of the F8 instruc- 
tion set. 
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THE 3851 PROGRAM STORAGE UNIT (PSU) 


The 3851 PSU has been the principal read-only memory program storage device in small F8 microcomputer 
systems. In addition to providing 1024 bytes of read-only memory, the 3851 PSU has two 8-bit I/O ports, a pro- 
grammable timer, and interrupt logic. 

The 3851 PSU can also be used in non-F8 microcomputer systems. The most important and non-obvious advan- 
tage of including a 3851 PSU in a non-F8 microcomputer system is the fact that 3851 PSU memory will lie outside of 
the microcomputer address space. This is because the 3851 PSU relies on its own memory addressing logic, which ex- 
ists independent of and parallel to any other memory addressing logic. 

Figure 2-7 illustrates functions provided by the 3851 PSU. Device pins and signals are given in Figure 2-8. Pins and sig- 
nals which are unique to the 3851 PSU are described as part of the general 3851 PSU discussion. 



Clock Logic 


Logic to Handle 
Interrupt Requests 
from 

External Devices 


Arithmetic and 
Logic Unit 


Accumulator 

Registerts) 


Instruction Register 


Data Counterfs) 


Control Unit 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Bus Interface 
Logic 


Program Counter 


System Bus 


ROM Addressing 
and 

Interface Logic 


I/O Communication 
Serial to Parallel 
Interface Logic 


RAM Addressing 
and 

Interface Logic 


I/O Ports 
Interface Logic 


Read/Write 

Memory 


$ 

V 




Figure 2-7. Logic of the. Fairchild F8 3851, 3856 and 3857 Programmable Storage Unit 


2-39 























PRl OUT 
WRITE 
$ 


IN T REQ 
PRl IN 
DBDR 


Pin Name 

I/O AO - VoTn 
I/O BO - I/O B7 
DBO - DB7 
ROMCO - ROMC4 
<I>, WRIT E 
EXT IN T 
PRl IN 
PRl OUT 
INT RE Q 
DBDR 

^SS' VdD' Vgg 


1 


40 

2 


39 

3 


38 

4 


37 

5 


36 

6 


35 

7 


34 

.8 


33 

9 


32 

10 

3851 

31 

11 

PSU 

30 

12 


29 

13 


,28 

14 


27 

15 


26 

16 


25 

17 


24 

18 


23 

19 


22 

20 


21 


Description 

I/O Port A 
I/O Port B 
Data Bus 
Control Lines 
Clock Lines 
External Interrupt 
Priority In 
Priority Out 
Interrupt Request 
Data Bus Drive 
Power Supply Lines 


Type 

Input/Output 

Input/Output 

Tristate, Bidirectional 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Input 


Figure 2-8. 3851 PSU Signals and Pin Assignments 

THE 3851 PSU READ-ONLY MEMORY 


Every 3851 PSU has 1024 bytes of read-only memory, pj^s memory addressing logic. The read-only memory 
must be defined when the chip is created. ' 

3851 PSU memory addressing logic consists of a Program Counter (PCO), a Data Counter (DCO), and a Stack 
register (PCI), which is in fact a buffer for the Program Counter. 

There is also a 6-bit page select mask, which must be specified when the chip is created; the 
page select represents the high-order six bits of the memory address for all ROM bytes of the 
PSU. As such, the page select defines the PSU's address space. 

When a ROMC state output by the 3850 CPU. and received by the 3851 PSU, identifies a memory 
reference operation, the ROMC state also identifies whether the memory address is to be found in PCO or in DCO. In 
response to this ROMC state, PSU memory addressing logic will compare its 6-bit page select mask with the high-order 
six bits of the specified Address register's contents: 


PSU 

ADDRESS 

SPACE 


15 14 13 12 ino 9 8 7 6 5 4 3 2 1 0 Bit No. 
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If there is coincidence, the 3851 PSU will respond to the memory reference operation: if there is no coincidence, the 
3851 PSU addressing logic modifies the contents of Address registers, as might be required by the ROMC state, but it 
does not respond to the actual memory reference instruction. 

3851 PSU INPUT/OUTPUT LOGIC 

Every 3851 PSU has four I/O port addresses assigned to it. These four I/O ports have addresses which are 
specified via a 6-bit I/O port address mask, which you must define when you order a 3851 PSU. This mask is in- 
terpreted as the 6 high-order bits of an 8 -bit I/O port address. These are the four addressable I/O ports: 

I/O port address mask: XXXXXX 

XXXXXXOO I/O Port A 

XXXXXX01 I/O Port B 

XXXXXX10 Interrupt control port 

XXXXXX1 1 Programmable Timer register 

Suppose the 6 -bit I/O port mask is specified as 00001 12- I/O Ports OCis, ODi 0 , OEi 0 and OF 10 will then be selected. 
An I/O port mask of 000000 is illegal, since I/O port addresses 0 and 1 are reserved for the two 3850 CPU I/O ports. 

The two 8-bit I/O ports of a 3851 PSU are identical to the 3850 CPU I/O ports which we have already described, 
except for one detail; there are three optional I/O port pin logic configurations available with a 3851 PSU. 

The first option is the standard configuration which we described for the 3850 CPU I/O port pins. 

The second option is open drain configuration, which may be illustrated as follows; 



This open drain configuration allows you to wire-OR outputs from a number of pins. 
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The third option is a driver pull-up configuration designed specifically to drive LED displays. This configuration may be 
illustrated as follows: 





3851 PSU INTERRUPT LOGIC 

The 3851 PSU can receive external interrupt requests or interrupt requests from its programmable timer. These 
two sets of interrupt logic can be selectively enabled or disabled via a control code written to the interrupt con- 
trol I/O port. This control code is interpreted as follows: 



•Bit No. 


Control code 
0 0 Disable all interrupts 

0 1 Enable external interrupt 

Disable timer interrupt 

1 0 Disable all interrupts 

1 1 Enable timer interrupt 
Disable external interrupt 


External interrupt request logic may be illustrated as follows: 


From 

external 

logic 

From higher 
priority device 
in daisy chain 


EXT INT 


PRI IN 



INT REQ 


^ PRI OUT 


To thfe CPU 


To lower 
priority device 
in daisy chain 


An external interrupt request is genera ted by external logic pulling EXT INT low. The interrupt request will be passed 
on to the CPU by outputting INT REQ low, providing these two conditions are met: 

1) External interrupts have been enabled via the interrupt control code (01 in the two low-order bits). 

2) The PRI IN signal is low. 
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If EXT INT is low and external interrupts are enabled, an interru pt i s being requested: whether or not it is 
acknowledged, PRI OUT is output high. The combination of the PRI IN and PRI OUT signals is designed to implement 
daisy chain interrupt priority logic, which may be illustrated as follows: 



When an active interrupt request occurs at one device, outputting PRI OUT high disables external interrupt logic at all 
lower priority devices in the daisy chain. 

An interval timer interrupt request is generated when the programmable timer I/O port decrements to zero. This 
interrupt request will be acknowledged if programmable timer interrupts have been enabled via the interrupt control 
I/O port (1 1 in the two low-order bits). 

There is no priority arbitration between external interrupts and programmable timer interrupts, since one or the other 
but nbt both can be enabled at any time. 

When the CPU acknowledges an interrupt request, the 3851 PSU responds by saving Program Counter (PCO) 
contents in the Stack register (PCI), then loading an interrupt service routine starting address into the Program 
Counter (PCO). This interrupt service routine starting address is a mask option which you must specify when or- 
dering the 3851 PSU. One bit of the interrupt address vector (it is bit 7) is set aside to identify the interrupt re- 
quest as external or as coming from the programmable timer. This may be illustrated as follows: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 


' Bit No. 



Interrupt address vector 


( 0 inserted for programmable timer interrupt 
I 1 inserted for external interrupt 
- Mask defined address bits 


The actual interrupt response sequence consists of five machine cycles, during which ROMC states are output in the 
order 1Oi0, ICig- OFis- OOi0. Table 2-4 identifies functions performed in response to each ROMC state. 
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Table 2-5. Relationship Between Programmable Timer Contents and Effective Timer Counts 


TIMER 

CONTENTS 

TIMER 

COUNTS 

TIMER 

CONTENTS 

TIMER 

COUNTS 

TIMER 

CONTENTS 

TIMER 

COUNTS 

TIMER 

CONTENTS 

TIMER 

COUNTS 

TIMER 

CONTENTS 

TIMER 

COUNTS 

FE 

254 

F5 

203 

BC 

152 

62 

101 

2A 

50 

FD 

253 

EA 

202 

79 

151 

C4 

100 

55 

49 

FB 

252 

D4 

201 

F2 

150 

88 

99 

AA 

48 

F7 

251 

A9 

200 

E4 

149 

11 

98 

54 

47 

EE 

250 

52 

199 

C9 

148 

22 

97 

A8 

46 

DC 

249 

A4 

198 

93 

147 

44 

96 

50 

45 

B8 

248 

49 

197 

27 

146 

89 

95 

AO 

44 

71 

247 

92 

196 

4E 

145 

13 

94 

41 

43 

E3 

246 

25 

195 

9C 

144 

26 

93 

83 

42 

C7 

245 

4A 

194 

38 

143 

4C 

92 

06 

41 

8E 

244 

94 

193 

70 

142 

98 

91 

OD 

40 

ID 

243 

29 

192 

El 

141 

30 

90 

1A 

39 

3B 

242 

53 

191 

C3 

140 

61 

89 

35 

38 

76 

241 

A6 

190 

86 

139 

C2 

88 

6B 

37 

ED 

240 

4D 

189 

OC 

138 

84 

87 

D7 

36 

DA 

239 . 

9A 

188 

18 

137 

08 

86 

AF 

35 

B4 

238 

34 

187 

31 

136 

10 

85 

5E 

34 

68 

237 

69 

186 . 

63 

135 

20 

84 

BD 

33 

D1 

236 

D3 

185 

C6 

134 

40 

83 

7B 

32 

A3 

235 

A7 

184 

8C 

133 

81 

82 

F6 

31 

47 

234 

4F 

183 

19 

132 

02 

81 

EC 

30 

8F 

233 

9E 

182 

33 

131 

05 

80 

D8 

29 

IF 

232 

3C 

181 

67 

130 

OB 

79 

BO 

28 

3F 

231 

78 

180 

CE 

129 

16 

78 

60 

27 

7E 

230 

FO 

179 

9D 

128 

2C 

77 

CO 

26 

FC 

229 

EO 

178 

3A 

127 

59 

76 

80 

25 

F9 

228 

Cl 

177 

74 

126 

B3 

75 

00 

24 

F3 

227 

82 

176 

E9 

125 

66 

74 

01 

23 

E6 

226 

04 

175 

D2 

124 

CC 

73 

03 

22 

CD 

225 

09 

174 

A5 

123 

99 

72 

07 

21 

9B 

224 

12 

173 

4B 

122 

32 

71 

OF 

20 

36 

223 

24 

172 

96 

121 

65 

70 

IE 

19 

6D 

222 

48 

171 

2D 

120 

CA 

69 

3D 

18 

DB 

221 

90 

170 

5B 

119 

95 

68 

7A 

17 

B6 

220 

21 

169 

B7 

118 

2B 

67 

F4 

16 

6C 

219 

42 

168 

6E 

117 

57 

66 

E8 

15 

D9 

218 

85 

167 

DD 

116 

AE 

65 

DO 

14 

B2 

217 

OA 

166 

BA 

115 

5C 

64 

A1 

13 

64 

216 

14 

165 

75 

114 

B9 

63 

43 

12 

C8 

215 

28 

164 

EB 

113 

73 

62 

87 

11 

91 

214 

51 

163 

D6 

112 

E7 

61 

OE 

10 

23 

213 

A2 

162 

AD 

111 

CF 

60 

1C 

9 

46 

212 

45 

161 

5A 

110 

9F 

59 

39 

8 

8D 

211 

8B 

160 

B5 

109 

3E 

58 

72 


IB 

210 

17 

159 

6A 

108 

7C 

57 

E5 


37 

209 

2E 

158 

D5 

107 

- F8 

56 

CB 


6F 

208 

5D 

157 

AB 

106 

FI 

55 

97 


DF 

207 

BB 

156 

56 

105 

E2 

54 

2F 


BE 

206 

77 

155 

AC 

104 

C5 

53 

5F 


7D 

205 

EF 

154 

58 

103 

8A 

52 

BF 

1 

FA 

204 

DE 

153 


102 

15 

51 

7F 

0 


Timer counts are decimal numbers 
Timer contents are hexadecimal numbers 
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3851 PSU PROGRAMMABLE TIMER LOGIC 

The 3851 PSU has a single programnuible timer which is addressed as the fourth I/O port (XXXXXX112)- This 
timer is free running unless it contains the value FPi6- The value FFfs stops the timer. 

The interval timer is a polynomial shift register. Table 2-5 gives the correlation between timer counts and timer 
register contents. 

The programmable timer decrements once every 31 clock periods. Using a 500 nanosecond cbck, therefore, the timer 
register will decrement once every 15.5 microseconds. 

In order to generate any specific time interval, you must load an initial value into the programmable timer register by 
outputtirig the appropriate timer contents to the programmable timer I/O port address. For example, in order to have an 
initial value of 1 00i g- you must load the programmable timer I/O port with the value C4i g. Loading the programmable 
timer with the initial value 28ig will generate an initial count of 164io. These correlations can be read off Table 2-5. 

Once the programmable timer times out, it reloads the value FEi g, representing 254i q counts, and starts to decrement 
again. 

3851 PSU DATA TRANSFER TIMING 

When data is input to the 3851 PSU from the Data Bus, no controi signals are needed since the ROMC state sig- 
nals identify the presence of data on the Data Bus. When data is output by the 3851 PSU, however, the control 
output DBDR is low. Timing rriay be illustrated as follows; 



The purpose of the low DBDR signal is to prevent Data Bus contentions from ever arising. This is also a very useful sig- 
nal in non-F8 microcomputer systems that include a 3851 PSU, since it can be used as a data read strobe. . 

USING THE 3851 PSU IN NON-F8 CONFIGURATIONS 

The 3851 PSU is easily included in non-F8 microcomputer configurations. The trick is to generate ROMC states 
as memory addresses. A ROMC state of 1C idles the 3851 PSU. Appropriate logic is illustrated in Figure 2-9. 

Let us consider some examples. For simplicity, we will use 8080A assembly language mnemonics and assurne that the 
3851 PSU is selected by addresses FFEDig through FFFFig. This is how data input and data output via 3851 PSU I/O 
ports could be implemented, in conjunction with the logic of Figure 2-9: 


F8 Ihstructions 

ROMC States 

8080A Instructions 

IN 

PORT 

03 

MVI 

A.PORT 



IB 

STA 

0FFE3H 



00 

LDA 

OFFFBH 

OUT 

PORT 

03 

MVI 

A.PORT 



1A 

LXI 

OFFFAH 




MVI 

B,DATA 




STA 

0FFE3H 




MOV 

M,B. 
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Possibly the most useful application for a 3851 PSII in some other microcomputer system would be to imple- 
ment lookup tables. The 1024 bytes of read-only memory could store data tables of that size. The Program Counter 
and Data Counter are active Address registers which can be used to identify the location which must be looked up. 

By way of illustration, consider a decimal multiplication table look-up program. 100 bytes of read-only memory could 
be set aside to store the product of any two single decimal digits. This may be illustrated as follows: 

Memory location: 00 — 09 10 11 12—19 20 21 22 — 29 30 31 etc. 

Contents: 00—00 00 01 02—09 00 02 04—18 00 03 etc. 

Now, in order to compute any decimal multiplication, the two decimal digits are loaded into the eight low-order Data 
Counter bits: the contents of the memory location addressed by the Data Counter are then read. Again assuming that 
the 3851 PSD is selected by memory addresses FFED-is through FFFF 10 , and using 8080A assembly language 
mnemonics in conjunction with Figure 2-9, appropriate instructions may be illustrated as follows: 

ROMC States 8080A Instructions 

19 

02 MVI 46H 

STA 0FFF9H 
LDA 0FFE2H 

These instructions seek 4x6; 24 will be returned to the Accumulator. 

These are just some conceptual examples of how the 3851 PSU can be used in non-F8 configurations. Clearly, the 
specific microprocessor being used to drive the 3851 PSU will have a significant influence on the exact interface used 
and the 3851 logic capabilities which are or are not accessible. 
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THE 3861 AND 3871 PARALLEL I/O (PIO) DEVICES 

The 3861 PIO contains the I/O ports, programmable timer, and interrupt iogic of the 3851 PSU. This device con- 
tains no memory; it is othervi/ise identjcal to the 3851 PSU. Figure 2-8 provides 3861 PIO signals and p|n assign- 
ments. 

The 3871 has the I/O ports, timer/counter and interrupt iogic of the 3870 single-chip microcomputer. 3871 PIO 
signals and pin assignment^ are identicai to the 3851 PSU iiiustrated in Figure 2-8, with the exception that the 
3870 STROBE signai associated with I/O Port 4 is output at pin 1 2. 


THE 3866 AND 3857 16K PROGRAMMABLE 
STORAGE UNITS (16K PSU) 

These two devices are enhancements of and replacements for the 3851 PSU which we have just described. 

Superficially, Figure 2-7 represents th)e logic implemented on all three PSUs — the 3851, 3856 and 3857. Tabie 2-6 
summarizes the differences between the devices. These are the most significant features of the 3856 and 3857 
PSUs: 

RESET sets all I/O port pins and address lines to zero. In the 3851, PSU RESET leaves I/O port pins indeterminate — 
and this has caused problems in many applications. 

The interval timers of the 3856 and 3857 PSUs are binary decremeriters rather than polynomial shifters — with the 
result that you can read timer contents directly and determine lapsed tjmes. Also, a programmable option allows 
you to measure pulse widths being input tb the PSU. 

The 3857 PSU uses the 16 pins of the two 8-bit I/O ports for 16 address lines, so that additional ROM or RAM can 
be interfaced directly to a 3857 PSU ^v/ithout requifing a 3852 DMi or 3853 SMI, as was the case with the 3851 
PSU. 

The 3856 and 3857 PSUs both provide 2K bytes of ROM for program storage: this is twice the program memory 
available on the 3851 PSU. This significantly increases the scope of two-device F8 microcomputer systems. 

Figures 2-10 and 2-1 1 illustrate the pins ancj signals of the 3856 and 3857 16K PSUs respectively. 


Table 2-6. A Summary of Differences Between 3851, 3856 and 3857 PSUs 


FUNCTION 

3851 PSU 

3856 PSU 

3857 PSU 

ROM 

1024 ^ytes 

2048 bytes 

2048 bytes 

I/O Ports 

2x8 bits 

2x8 bits 

None 

Address lines 

None 

None 

16 

Interrupt 

Priority in and 

Priority in and 

Priority in only. 

signals 

Priority out 

Priority out 

Must be end of 
daisy chain. 

Interrupt 

Enable timer or 

Enable timer and/or 

Enable timer and/or 

options 

external, but not 

both 

external 

external 

Timer register 

8- bit Polynomial 

8-bit Count down 

8-bit Count down 

Timer decrement 

31 clock cycles 

2, 8, 32 or 128 

2, 8, 32 or 128 

iriterval 


clock cycles 

clock cycles 

Timer stop/start 
control 

No 

Yes 

Yes 

Timer readback 

No 

Yes 

Yes 

Timer read 
pulse width? 

No 

Yes 

Yes 

RESET zero 

I/O ports? 

No 

Ye? 

No I/O ports 


1 ) 

2 ) 

3) 

4) 
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I/O BO 


1 


40 

2 


39 

3 


38 

4 


37 

5 


36 

6 


35 

7 


34 

8 


33 

9 


32 

10 

11 

3856 

31 

16K PSU 

30 

12 


29 

13 


28 

14 


27 

15 


26 

16 


25 

17 


24 

18 


23 

19 


22 

20 


21 



Pin Name 

Description 

Type , 

I/O AO - I/O A7 

I/O Port A 

Input/Output 

I/O BO - I/O B7 

I/O Port B 

Input/Output 

STROBE 

STROBE for I/O Port A 

Output 

DB0-DB7 

Data Bus 

Tristate, Bidirectional 

ROMCO - ROMC4 

Control Lines 

Input 

<I), WRITE 

Clock Lines 

Input ' 

EXT INT 

External Interrupt 

Input 

PRI IN 

Priority In 

Input 

PRI OUT 

Priority Out 

Output 

INT REQ 

Interrupt Request 

Output 

DBDR ■ 

Data Bus Drive 

Output 

VSS' Vdd- Vgg 

. Power Supply Lines 



Figure 2-10. 3856 PSD Signals and Pin Assignments 


2-48 




ADAM OSBORNE & ASSOCIATES, INCORPORATED 


ADDR10 

ADDR09 

Vgg 
VpD 
EXT INT 
ADDR15 
WRITE 

5 

IN T REQ 
PRI IN 
DBDR 
CPU READ 
ROMC4 
ROMC3 
ROMC2 
ROMC1 
ROMCO 

^SS 
RAM WRITE 
ADDR06 



DB7 

DBG 

ADDR12 

ADDR13 

ADDR14 

ADDR11 

DBG 

DB4 

ADDR07 

ADDROO 

ADDR01 

ADDR03 

DB3 

DB2 

ADDR04 

ADDR05 

ADDR02 

ADDR08 

DB1 

DBO 


ADDROO - ADDR 15 
CPU READ 
RAM WRITE 
DBO - DB7 
ROMCO - ROMC4 
<t>, WRITE 
EXT INT 
PRI IN 
INT RE Q 
DBDR 

Vss. VdD' Vgg 


Description 

Address Lines 
Memory Read Enable 
Memory Write Signal 
Data Bus ' 

Control Lines 
Clock Lines 
External Interrupt 
Priority in 
Interrupt Request 
Data Bus Drive 
Power Supply Lines 


Type 

Output 

Output 

Output 

Tristate, Bidirectional 

Input 

Input 

Input 

Input 

Output 

Output 


Figure 2-1 1. 3857 PSD. Signals and Pin Assignments 

ADDITIONAL F8 SUPPORT DEVICES 

There are three additional F8 support devices: the 3852 Dynamic Memory Interface, the 3853 Static Memory 
Interface, and the 3854 Direct Memory Access device. We are going to summarize these devices rather than 
give complete descriptions, since these devices are infrequently used. 

Only F8 configurations with a substantial amount of memory use these devices — and there are very few such F8 con- 
figurations; however, in every case there are better alternatives. For example, the 3854 Direct Memory Access device 
should not be used to implement direct memory access logic in non-F8 configurations: the Z80 DMA device is clearly 
superior. In fact, signal peculiarities and timing problems associated with the 3852 DMI, 3853 SMI and 3854 DMA 
devices make them unattractive components in non-F8 configurations. 

If you do need to use the 3852 DMI, the 3853 SMI, of the 3854 DMA devices, you will have to refer to vendor literature, 
since the discussion which follows provides performarice summaries only — not product detail. 

THE 3852 DYNAMIC MEMORY INTERFACE (DMI) 

Primarily, this device contains the necessary address generation and memory refresh logic needed to include 
dynamic read/write memory in an F8 system. 

Because of the way in which the F8 microcomputer system is organized, however, memory refresh and direct 
memory access logic are closely related. That is why, in Figure 2-12, a smaii part of the direct memory access 
control logic is shown as being implemented on the 3852 DMI chip. 
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Figure 2-12. Logic of the Fairchild F8 3852 Dynamic Memory Interface (DMI), and of the 
3854 Direct Memory Access (DMA) Devices 
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Figure 2-13 illustrates pins and signals of the 3852 DMI. 

Conceptually, memory addressing logic of the 3852 DMI is very similar to 3857 PSU memory addressing logic: 
there are, however, some differences between the 3852 DMI memory addressing and the 3851 or 3856 PSU: 

1) The 3852 DMI contains two Data Counters, DCO and DC 1. The presence of the auxiliary Data Counter (DCl) has no 
immediate impact on memory addressing logic within the 3852 DMI. However, as we discussed earlier, its pre- 
sence in an F8 system that also includes a 3851 PSU calls for programming caution. 

2) Data and address flows surrounding a 3852 DMI are totally unlike the 3851 or 3856 PSU. In the case of these PSUs, 
addresses are transmitted entirely within the logic of the PSU; the only communication needed between a PSU and 
the CPU is via the eight Data Bus lines of the System Bus. The DMI, on the other hand, generates a 1 6-bit address, 
which it outputs directly to the read/write memory which it is controlling. 

These address pins are equivalent to 3857 PSU address pins — that is, the address pins which a CPU would have, 
if the CPU contained memory addressing logic for the microcomputer system. In other words, the 3852 DMI cre- 
ates the address lines and control signals, which, so far as the read/write memory is concerned, are lacking on the 
F8 System Bus. The F8 System Bus does, however, contain data lines needed by the read/write memory to actually 
transmit data to or from the CPU. 

Data and address flows around the 3852 DMI may be illustrated as follows: 


Data lines 
Control lines 


Data being 
written or read 
flows via this 
connection 



System 

Bus 


3) Unlike the 3851, 3856 or 3857 PSU, the 3852 DMI has no on-chip logic to determine address space for read/write 
memory which the DMI is controlling. Address space determination is made by logic in between the DMI and the 
read/write memory. Typically, selected high-order address lines output by the DMI are gated through elementary 
Boolean logic components to create the master enable signal used to strobe attached read/write memory. This is il- 
lustrated above. 
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RAM WRITE 
CYCLE REQ 
ADDR7 
ADDR6 
ADDR5 
ADDR4 
ADDR3 
ADDR2 
ADDR1 
ADDRO 
DBO 
DB1 
DB2 
DB3 

Vss 


DB0-DB7 
ADDRO- ADDR 15 
<1>, WRITE 
MEMIDLE 
CYCLE REQ 
CPU SLOT 
CPU READ 
REGDR 
RAM WRITE 
ROMCO - ROMC4 
Vss- Vqd, Vqg 



Description 

Data Bus Lines 
Address Lines 
Clock Lines 
DMA Timing Line 
RAM Timing Line 
Timing Une 
RAM Timing Line 
Register Drive Une 
Write Line 
Control Unes 
Power Lines 


ROMC2 

ROMC1 

ROMCO 

CPU READ 

REGDR 

ADDR 15 

ADDR 14 

ADDR 13 

ADDR12 

ADDR11 

ADDR10 

ADDR9 

ADDR8 

DB7 

DB6 

DB5 

DB4 


Type 

Tristate, Bidirectional 

Tristate, Output 

Input 

Output 

Output 

Input/Output 

Output 

Input/Output 

Tristate, Output 

Input- 

Input 


Figure 2-13. 3852 DMI Signals and Pin Assignments 


The process of refreshing dynamic memory and impiementing direct memory access are integraiiy reiated in an 
F8 system. 

The presence of a separate DMi interface device means that there can be a limited overlap 
between a memory reference operation which was initiated by the CPU and a memory 
reference operation that is not initiated by the CPU. 

Two types of memory reference operations are not initiated by the CPU: memory refresh 
and direcVmemory access. 

Let us consMer how a direct memory access may follow a CPU-initiated memory read operation. These are the 
events which occur: 

1) Upon receiving an appropriate ROMC state from the CPU, the 3852 DMI outputs a 16-bit memory address, 
together’wjth a read strobe: these outputs from the 3852 DMI are received by read/write memory. 

2) Read/write memory responds by placing data directly on the Data Bus. The data must remain stable on the Data 
Bus until the CPU has had time to read the data. 


F8 DMI 

MEMORY 

REFRESH 
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3) 


While data is stable on the Data Bus, DMA logic may apply a new memory address to 
read/write memory. Following the arrival of address and control signals at read/write memory, 
there is a fixed time delay before read/write memory responds by placing data on the Data 
Bus. This time delay can overlap with time when prior data must be stable on the Data Bus. 
This may be illustrated as follows: 


F8 DIRECT 

MEMORY 

ACCESS 


Address Bus 


Data Bus 



DMI logic outputs control signals which identify the way in which each memory access period is being used: 

there are three possibilities: 

1) Memory is communicating with the F8 System Bus. 

2) Memory is not communicating with the System Bus, but since it is dynamic memory it is being refreshed. 

3) Memory is not communicating with the System Bus and is available for external access. 

Cases 2 or 3 above may follow case 1 in separate memory access periods of the same instruction cycle. 

THE 3854 DIRECT MEMORY ACCESS (DMA) DEVICE 

This devica receivas mamory accass parlod Idantification signals output by tha 3852 DMI. Basad on tha diract 
mamory accass raquiramants spacifiad by tha currantly axacuting program, tha DMA davica accassas 
raad/writa mamory, during avallabla mamory accass periods, as defined by the 3852 DMI. Figure 2-14 illustr- 
ates 3854 DMA pins and signals. 

These are the variables which must be specified for a direct memory access operation: 

1) The beginning address for the memory buffer into which data must be written, or out of which data must be read. 

2) The length of the buffer. 

3) Whether data is to be written or read out of the buffer. 

Once a direct memory access operation has been initiated, it proceeds in parallel with other events occurring 
within the F8 microcomputer system, using memory access periods which are defined by the 3852 DMI as 
available for direct memory access. In other words, direct memory access operations in no way slow down program 
execution that may be occurring in parallel. 

DMA data transfer may be high-speed or low-speed. Low-speed DMA transfer means that each DMA access is 
enabled by a signal from the external device, stating that it is ready to transmit or receive data. High-speed access 
assumes that the external device will always be ready to transmit or receive data; therefore, every single available 
memory access period is utilized. 

As a direct memory access operation proceeds, after each access the memory address is incremented and the buffer 
length is decremented. Memory address, buffer length and DMA controls are stored in buffers which the CPU accesses 
as though they were I/O ports. The contents of these I/O ports may be written into, or read at any time. This means 
that the F8 DMA system allows total flexibility for every type of programmable DMA operation; these include 
such things as stopping a DMA operation temporarily, or interrogating a DMA operation to determine how far it has 
progressed. 

Indefinite DMA transfer may also be specified. In this case, no buffer length is given; rather, the DMA operation will 
proceed until stopped. 
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DWS 
STROBE 
LOAD REG 
MEMIDLE 
«I) 

Vcc 

ADDRO 

ADDR1 

ADDR2 

ADDR3 

ADDR4 

ADDR5 

ADDR6 

ADDR7 

READ REG 

WRITE 

DBO 

DB1 

DB2 

DB3 


Pin Name 

Description 

Type 

DBO - DB7 

Data Bus Lines 

Tristate, Bidirectional 

ADDRO -ADDR 15 

Address Lines 

Tristate, Output 

<I>, WRITE 

Clock Lines 

Input 

LOAD REG/READ REG 

Registers Load/Read Line 

Input 

P1, P2 

Port Address Select 

Input 

MEMIDLE 

Memory Idle Line 

Input 

XFER REQ 

Transfer Request Line 

Input 

ENABLE, DIRECTION 

Control Status Lines 

Output 

DWS, XFER 

DMA Write Slot, Transfer 

Output 

STROBE 

Output Strobe Line 

Output 

VSS- ^DD- VqG 

Power Lines 




1, 40 

2 39 

3 38 

4 37 

5 36 

6 35 

7 34 

8 33 










v^Gi 


Vl)U 







1 3854 



DMA 
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19 22 
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Figure 2-14. 3854 DMA Signals and Pin Assignments 


THE 3853 STATIC MEMORY INTERFACE (SMI) 

The 3853 SMI provides interface iogic for static read/write memory, that is, for memory which does not need to 
be refreshed. Logic implemented on this device is illustrated in Figure 2-1 5, and is a simpie combination of func- 
tions which have already been described for the 3851 PSU and for the 3852 DMI. Figure 2-16 iiiustrates 3853 
SMI pins and signals. 

The description of memory interface logic which was given for the 3852 DMi applies aiso for the 3853 SMi. The 
3853 SMI, however, does not identify memory access periods, and cannot be used to implement direct memory 
access. 

Because the 3853 SMI does not have memory refresh or direct memory access support logic, there is unused real estate 
on the SMI chip. The real estate is used to implement a programmable timer and interrupt processing logic, as de- 
scribed for the 3851 PSU. There are, however, two small differences between interrupt logic as implemented on the 
PSU and the SMI devices: they are: 

1) The 3853 SMI interrupt address vector is not a permanent mask option as it is on the PSU: rather, it is programma- 
ble. 

2) The 3853 SMI has no priority output line, which means that in a daisy chain interrupt configuration it must have 
lowest priority: that is, it must come at the end of the daisy chain. 
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Figure 2-15. Logic of the F8 3853 Static Memory Interface (SMI) Device 
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VqG 

4 > 

WRITE 
INTREQ 
PRI IN 
RAM WRITE 
EXT INT 
ADDR7 
ADDR6 
ADDR5 
ADDR4 
ADDR3 
ADDR2 
ADDR1 
ADDRO 
DBO 
DB1 
DB2 
DB3 

Vss 



Vdd 

ROMC4 

ROMC3 

ROMC2 

ROMC1 

ROMCO 

CPU READ 

REGDR 

ADDR15 

ADDR14 

ADDR13 

ADDR12 

ADDR11 

ADDRIO 

ADDR9 

ADDR8 

DB7 

DB6 

DB5 

DB4 


Pin Name 


Description 


Type 


DBO - DB7 
ADDRO- ADDR 15 
WRIT E 
INT RE Q 
PRI IN 

RAM WR ITE 
EXT INT 
REGDR 
CPU READ 
ROMCO - ROMC4 
VSS' VdD' Vqg 


Data Bus Lines 
Address Unes 
Clock Lines 
Interrupt Request 
Priority In Line 
Write Line 

External Interrupt Line 
Register Drive Une 
CPU Read Line 
Control Lines 
Power Supply Lines 


Bidirectional 

Output 

Input 

Output 

Input 

Output 

Input 

Input/Output 

Output 

Input 


Figure 2-16. 3853 SMI Signals and Pin Assignments 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices; 

• 3870 One-Chip Microcomputer 
. 3850 CPU 

. 3851 PSU 

• 3852 DMI 

• 3853 SMI 

. 3854 DMA 
. 3856 2K PSU 
. . 3861 PIO 
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3870 

ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Storage Temperature 

Voltage On Any Pin With Respect To Ground 
Power Dissipation 


DC CHARACTERISTICS 

Ta = 0°c to 70°C, Vcc = 5V ± 1 0% 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

TEST CONDITIONS 

icc 

Power Supply Current 


TBD 

mA 

Outputs Open 

pd 

Power Dissipation 


TBD 

mW 

Outputs Open 

ViHEX 

External Clock 

Input High Level 

2.4 

5,8 

V 


Vilhex 

External Clock 

Input Low Level 

-0.3 

0.6 

V 


IlHEX 

External Clock 

Input High Current 


100 

pA 

V|hEX=2.4V 

IlLEX 

External Clock 

Input Low Current 


-100 

JuA 

V|LEX=0.6V 

V|H 

Input High Level 

2.0 

5.8 

V 


V|L 

Input Low Level 

-0.3 

0.8 

V 


l|H 

Input High Current 
(except open drain and 
direct drive I/O ports) 


100 

pA 

V|H=2;4V 
internal pull-up 

l|L 

Input Low Current 
(except open drain and 
direct drive ports) 


-1.6 

mA 

V|L=0.4V 

ILOD 

Leakage Current 
(open drain ports) 


10 

/iA 

Pull-down 
■ device off 

lOH 

Output High Current 
(except open drain and 
direct drive ports) 

-100 


pA 

VoH= 2.4V 

•OHDD 

Output Drive Current 
(direct drive ports) 

-1.5 

-8 ■ 

mA 

VOH=0.7V 
to 1.5V 

lOL 

Output Low Current 

1.8 


mA 

V0L= 0-4 V 

lOHS 

OutDut Hiah Current 
(STROBE Output) 

-300 


pA 

VoH= 2.4V 

lOLS 

Outout Low Current 
(STROBE Output) 

5.0 ' 


mA 

VOL=0.4V 


O^C to 70°C 

-eS’c to+i50°c 
. .-1.0V to + 7V 
l.OW 


'Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Data sheets on pages 2-D2 through 2-D5 reprinted by permission of Mostek Corporation. 
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3870 

AC CHARACTERISTICS 

Ta = ot to yot, Vcc = +5V ± 10% 


SIGNAL 

SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

COMMENTS 


tO(XTL) 

Time Base Period, Crystal Mode 

ESi 


ns 

4MHz-1MHz 


tO(LC) 

Time Base Period, LC Mode 



ns 

4MHZ-1MHZ 

XTL 1 

tO(RC) 

Time Base Period, RC Mode 

250 


ns 

4MHz-500kHz 

XTL2 

tO(lNT) 

Time Base Period, Internal Mode 

250 

590 

ns 

4MHz-1.7MHz 


tO(EX) 

Time Base Period, External Mode 

250 


ns 

4MHz-400kHz 


tEX(H) 

External Clock Pulse Width, High 

90 

2000 

ns 



tEX(L) 

External Clock Pulse Width, Low 

90 

2000 

ns 



t 'I* 

Internal <I>C!ock Period 

2t0 

typ. 

ns 

0.5 ps @ 4MHz 
ext. time base 








STROBE 

t|/0-S 

Port Output to STROBE Delay 

3t4>-1000 min. 
3t^+250 max. 

ns 

Note 1 


tSL 



ns 









RESET 

tRH 

RESET Hold Time. Low 

6t4> +750 min. 

ns 


EXT|NT 

tEH 

EXT INT Hold Time, Active 

State 

6t‘1’ +750 min. 

ns 

Note 2 


NOTES: 1. Load is SOpF plus 1 standard TTL input. 

2 . Specification is applicable when the timer is in the Interval Timer Mode. 

See "Timer Characteristics" for EXT INT requirements when in the Pulse Width 
Measurerrtent Mode or the Event Counter Mode. . 

3. The AC Tirtling Diagrams are given in Figure 5. 


CAPACITANCE 
Ta = 25'C, f=2MHz 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

TEST CONDITION 

C|N 

Input Capacitance; I/O Ports, RESET, EXT INT 


B 

PF 

Unmeasured pins 
returned to GND 

CXTL 

Input Capacitance: XTL 1, XTL 2 

18 

23 

pF 
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3870 

TIMER CHARACTERISTICS 
Definitions; 

Error = Indicated time value - actual time value 
tpsc = t4>x Prescale Value 
Interval Timer Mode: 

Single interval error, free running (Note 3) ±6t4> 

Cumulative interval error, free running (Note 3) 0 

Error between two Timer reads (Note 2) ±(tpsc + t$) 

Start Timer to stop Timer error (Notes 1,4) . +t<i> to —(tpsc +t<t>) 

Start Timer to read Timer error (Notes 1,2) — 5t4> to —(tpsc + yt^*) 

Start Timer to interrupt request error (Notes 1,3). — 2t4> to — St?* 

Load Timer to stop Timer error (Note 1) . +t4> to —(tpsc + 2t4>) 

Load Timer to read Timer error (Notes 1,2) .— 5t4> to —(tpsc + 8t4>) 

Load Timer to interrupt request error (Notes 1,3) — 2t to — 9t4> 

Pulse Width Measurement Mode: 

Measurement accuracy (Note 4) +t 4>to —(tpsc +2t 4>) 

Minimum pulse width of EXT INT pin .2t4» 

Event Counter Mode: 

Minimum active time of EXT INT pin .2t^ 

Minimum inactive time of EXT INT pin 2t4> 

Notes: 

1. All times which entail loading, starting, or stopping the Timer are referenced from the end 
of the last machine cycle of the OUT or OUTS instruction. 

2. All times which entail reading the Timer are referenced from the end of the last rnachine 
cycle of the IN or INS instruction. 

3. All times which entail the generation of an interrupt request are referenced from the start 
of the machine cycle in which the appropriate interrupt request latch is set. Additional 
tirne may elapse if the interrupt request occurs during a privileged or multicycle instruction. 

4. Error may be cumulative if operation is repetitively performed. 
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3870 



I/O Port Output 


STROBE 




RESET 



EXT INT 



Note: All measurements are referenced to V|L max., V|H min., Vql max., or Vqh min. 


FIGURES. AC TIMING DIAGRAMS 
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3850 CPU 2.2.2 Electrical Specifications 

Absolute maximum ratings (above which useful 
life may be impaired) 

Vqg 

Vqd 

RC, XTLX and XTLY 

All othef- inputs 
Storage temperature 
Operating temperature 

Note: All voltages with respect to Vgg. 

DC Characteristics: Vgg = OV, Vqq = +5V ± 5%, 
V^G = +12V±5%, Ta = 0°C 
to +70°C 


SUPPLY CURRENTS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST 

CONDITIONS 

'dd 

Vori Current 


45 

75 

mA 

f = 2 MHz, 
Outputs 

'gg 

Vqg Current 


12 

30 

mA 

unloaded 
f - 2 MHz, 
Outputs 







unloaded 


Data sheets on pages 2-D6 through 2-D33 reprinted by permission of Fairchild Camera and Instrument Corporation. 


+ 15V to -0.3V 

+7V to -0.3V 

+i5V to -0.3V (RC with 

5KJ2 series resistor) 

+7V to -0.3V 
-55°Cto+150°C 
0°Cto +70° C 
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3850 CPU 


Table 2-3. A Summary of 3850 CPU Signal DC Characteristics 


SIGNAL 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

<!>, WRITE 

'^OH 

Output High Voltage 

4.4 


Volts 

*nH = -50 ^A 


VoL 

Output Low Voltage 

vss 

0.4 

Volts 

Iq. = 1.6 mA 


VOH 

Output High Voltage 

2.9 


Volts 

IqH = -100 pA 

XTLY 

V|H 

Input High Voltage 

4.5 

Vqg 

Volts 



V|L 

Input Low Voltage 

Vss 

0.8 

Volts 



l|H 

Input High Current 

5 

50 

pA 

V|N = Vdd 


l|L 

Input Low Current 

-10 

-120 

mA 

V|N = Vss 

ROMCO 

Vqh 

Output High Voltage 

3.9 

Vqd 

Volts 

•oh = -'•00 juA 


VoL 

Output Low Voltage 

Vss 

0.4 

Volts 

lOL “ ^-5 friA 

ROMC4 







□ao 

V|H 

Input High Voltage 

2.9 

Vdd 

Volts 



V|L 

Input Low Voltage 

Vss 

0.8 

Volts 


DB7 

Vqh 

Output High Voltage 

3.9 

Vdd 

Volts 

IqH = -100 tiA 


VOL 

Output Low Voltage 

Vss 

0.4 

Volts 

Iql ~ ^ -5 '^A 


l|H 

Input High Current 


3 

/iA 

V|[\j = 7V 3-State mode 


'IL 

Input Low Current 

' 

-3 

juA 

V|N ~ Vss> 3-State mode 

1/0 0 

M!W 

Output High Voltage 

3.9 


Volts 

IOH = -30juA 

• 

■Bin 

Output High Voltage 

2.9 

MAM 

Volts 

IOH = -150pA 

I/O 17 


Output Low Voltage 

Vss 

BEn 

Volts 

Iql = to mA 



Input High Voltage (1) 

2.9 

mSSM 

Volts 

Internal pull-up to Vqd 


BZdH 

Input Low Voltage 

Vss 


Volts 




Input Low Current 


-1.6 

mA 

V|N = 0.4V (2) 

EXT RES 

— 

Input High Voltage 

3.5 

Vdd 

Volts 

Internal pull-up to Vdd 



Input Low Voltage 

Vss 

0.8 

Volts 



■■ 

Input Low Current 

-0.1 

-1.0 

mA 

V|N = Vss 


MW 

Input High Voltage 

3.5 

Vdd 

Volts 

Internal pull-up to Vdd 

■■■ 

■aw 

Input Low Voltage 

Vss 

0.8 

Volts 




Input Low Current 

-0.1 

-1.0 

mA 

V|N = Vss 



Output High Voltage 

3.9 

Vdd 

Volts 

lOH = -10 mA 

rcB 

VOH 

Output High Voltage 

2.9 

Vdd 

Volts 

Ioh = -iooa<a 


VOL 

Output Low Voltage 

Vss 

0.4 

Volts 

Iql ~ ^00 pA 


(1) Hysteresis input circuit provides additional 0.3V noise immunity while internal pull-up provides TTL 
compatability. 

(2) Measured while F8 port is outputting a high level. 

Note: 

Positive current is defined as conventional current flowing into the pin referenced. 

(3) Guaranteed but not tested. 
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3850 CPU Table 2-4. A Summary of 3850 CPU Signal AC Characteristics 

AC Characteristics: Vgg = OV, Vqq = +5V ± 5%, Vqq = +12V ± 5%, = 0°C to +70°C 


Symbols in this table are used by all figures in Section 2. 


SYMBOL 

PARAMETER 

MUM. 

TYP. 

MAX. 

UNITS 

TEST CONDITIONS 

Px* 

External Input Period 

0.5 


10 

B 


PWx* 

External Pulse Width 

200 


Px-200 

mm 

tf, tf ^30 nS 

txi 

Ext. to - to - Delay 



250 

nS 

CL=100pf 

tX2 

Ext. to <I> + to + Delay 



250 

nS 

CL = 100 pf 

P<1) 

4> Period 

0.5 


10 

gs 


PWi 

Pulse Width 

180 


P<P-180 

nS 

tf, tf = 50 riS; C|_ = 100 pf 

tdi 

rp to WRITE + Delay 


150 

250 

nS 

Cl = 100 pf 

td2 

rp td WRITE - Delay 


150 

250 

nS 

Cl= 100 pf 

PW2 

WRITE Pulse Width 

P<P-100 


P<P , 

nS 

t^, tf = 50 nS typ; Cl = 100 pf 

PWs 

WRITE Period; Short 


4P<P 




PWl 

WRITE Period; Long 


6P<P 





WRITE to ROMC Delay 

80 

300 

550 

nS 

Cl = 100 pf 

td4* 

WRITE to fCB Delay 



350 

nS 

Cl = 50 pf 

td5 

WRITE to INT RED Delay 



430(2) 

nS 

CL=100pf 

^sx 

EXT RES set-up time 

1.0 



gS 

Cl = 20 pf 

^su 

I/O set-up tinne 

300 



nS 



I/O hold time 

50 



nS 


^0 

I/O Output Delay 

■ 


2.5 

juS 

Cl = 50 pf 

tdb^ * 

WRITE to Data Bus Stable 


0.6 

1.3 

liS 

CL=100pf 

tdb2 

WRITE to Data Bus Stable 

2P<P 


2P<P-i-1.0 

pS, 

CL=100pf 

tdb3* 

Data Bus Set-up 

200 



nS , 


tdb4* 

Data Bus Set-up 

500 



nS 


tdbg 

Data Bus Set-up 

500 



nS 


tdbe* 

Data Bus Set-up 

500 



nS 



*The parameters which are starred in the table above represent those which are most frequently of 
importance when interfacing to an F8 system. These encompass I/O timing, external timing generation 
and possible external RAM timing. The remaining parameters are typically those that are only relevant 
between F8 chips and not normally of concern to the user. 

(1 ) Input and output capacitance is 3 to 5 pf typical on all pins except Vpp, Vqq, and Vgg. 

(2) If INTREQ is being supplied asynchronously, it can be pulled down at any time except 
durin g a fetch cycle that has been preceded by a non-priviledged instruction. In that 
case INTREQ must go down according to the requirements of tdg. 
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PARAMETERS ARE DESCRIBED IN TABLE 2-4 


Figure 2-8. Timing Signal Specifications 



SYMBOLS ARE DEFINED BY TABLE 2-4 

Figure 2-9. ROMC Signals Output by 3850 CPU 
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Symbols are defined in Table 2-4 
Figure 2-1 OA. A Short Cycle Instruction Fetch 


XTLY 





td^-». U — I I 

_/ K. 

|-r-PW2^ H 


WRITE 


ROMC 


y S. 


-PW, 


i X 

TRUE ROMC STATE 0 

^ 

l^tdg— ^ 

I 


L— tdb3-*^ I 
! 

I X OP OODE FOR NEXT 


CYCLE DS INSTRUCTION 
(DECREMENT SCRATCHPAD) 


INSTRUCTION 
I 

NEXT 

INSTRUCTION 


Symbols are defined in Table 2-4 

Figure 2-1 OB. A Long Cycle Instruction Fetch (During DS Only) 
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1 . Timing for CPU outputting data onto the data bus. 

Delay tdb-| is the delay when data is coming from the accumulator. 

Delay tdb 2 is the delay when data is coming from the scratchpad (or from a memory device). 

Delay tdbQ is the delay for the CPU to stop driving the data bus. 

2. There are four possible cases when inputting data to the CPU, via the data bus lines: they depend on the data path and the 
destination in the CPU, as follows: 

tdb 3 ; Destination — I R (instruction Fetch) — See Figure 2-10 for details. 
tdb 4 ; Destination — Accumulator (with ALU operation — AM) 
tdb 5 ; Destination — Scratchpad (LR K,P etc.) 
tdb 0 ; Destination — Accumulator (no ALU operation — LM) 

In each case a stable data hold time of 50 nS from the WRITE refrence point is required. 

Symbols are defined in Table 2-4 


Figure 2-11. Memory Reference Timing 
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3850 CPU 

L, PWs 




r 


1 1 



— ^su 

M 

I/O (1) 

\ DATA MAY CHANGE 

STABLE 

J X data MAY CHANGE 


I/O (2) 

j DATA FROM OLD OUTS X 

NEW DATA 



1 , 


(1) This represents the timing for data at the I/O pin during the execution of the INS instruction, i.e., the 
CPU is inputting. 

(2) This represents the timing for data being output by the CPU at the I/O pin. 

Symbols are defined in Table 2-4 
Figure 2-13. Timing for Data Input or Output at I/O Port Pins 


WRITE ^ n 

h- 1 

L y y \ 

« PW| 1 k 1 

^ L ^1 

ROMC 

true j 


^.d3_| 1 

j 

i^(i) 

1 

INT REQ (2) 

1 

L td, J 1 



(1) ICB will go from a 1 to a 0 following the execution of the El instruction and will go from a 0 to 1 
following either the execution of the Dl instruction or the CPU's acknowledgement of an interrupt. 

(2) This is an input to the CPU chip and is generated by a PSU or 3853 Ml chip. The open drain outputs 
of these chips are all wire "ANDed" together on this line with the pull-up being located on the CPU 
chip. For a 0 to 1 transition the delay is measured to 2.0\/. 

Symbols are defined in Table 2-4 
Figure 2-14. Interrupt Signals Timing 
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3851 PSU 




3.2.5 Electrical Specifications 

Absolute Maximum Ratings (Above which useful 
life may be impaired) 

Vqg +15Vto-0.3V 

Vqq +7V to -O.SV 

I/O Port Open Drain Option + 15V. to -0.3V 

External Interrupt Input -600 pA to +225 pA 

All other inputs & outputs +7V to -0.3V 

Storage Terhiaerature -55°C to +150°C 

Operating Temperature 0°Cto+7b°C 


Notei All voltages with respect to Vgg. 

DC Characteristics: Vss = OV, Vqd = +5V ± 5%, 
Vgg = +12V±5%, 

Ta = 0°C to+70°C 


SUPPL Y CURRENTS 
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3851 PSU Table 3-2. A Summary of 3851 PSU Signal Characteristics 


SIGNAL 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

DATA BUS (DB0 DB7) 

V|H 

Input High Voltage 

2.9 

Vdd 

Volts 



V|L 

Input Low Voltage 

^ss 

0.8 

Volts 



VOH 

Output High Voltage 

3.9 

Vdd 

Volts 

'oh ^ -100 ftA 


VOL 

Output Low Voltage 

vss 

0.4 

Volts 

'OL “ 


'IH 

Input High Current 


1 

juA 

ViN = Vqq,' 3-State mode 


'OL 

Input Low Current 


-1 

HA 

V|N = V 53 , 3-State mode 

CLOCK LINES (4>, WRITE) 

V|H 

Input High Voltage 

4.0 

Vdd 

Volts 



V|L 

Input Low Voltage 

Vss 

0.8 

Volts 



'l 

Leakage Current 


3 

HA 

V|N = Vdd 

PRIORITY IN AND CONTROL 

V|H 

Input High Voltage 

3.5 


Volts 


LINES (PRI IN, ROMCO-ROMC4) 

V|L 

Input Low Voltage 

Vss 


Volts 



'l 

Leakage Current 



nA 

V|N = Vdd 

PRIORITY OUT (PRI OUT) 

^OH 

Output High Voltage 

3.9 

VdD 

Volts 

*OH^”'® 0 pA 


Vql 

Output Low Voltage 

Vss 

0.4 

Volts 

IqL = 1 00 fxA 

INTERRUPT REQUEST 

'^OH 

Output High Voltage 



Volts 

Open Drain Output [1] 

(INT REQ) 

^OL 

Output Low Voltage 

Vss 

0.4 

Volts 

'OL “ 1 


'l 

Leakage Current 


3 

UA 

V|N = Vdd' 

DATA BUS DRIVE (DBDR) 

VOH 

Output High Voltage 




External Pull-up 


^OL 

Output Low Voltage 

vss 

0.4 

Volts 

Iq|_ = 2 mA 


'l 

Leakage Current 


3 

riA 

VjN = Vdd 

EXTERNAL INTERRUPT 

n 

Input High Voltage 

3.5 


Volts 


(EXTINT) 

BuH 

Input Low Voltage 


0.8 

Volts 




Input Clamp Voltage 


15 

Volts 

l|).| = 18&;UA 



Input High Current 


10 

liA 

V|N = Vdd 


■HH 

Input Low Current 


-225 

pA 

V|n = 2 V 


'IL 

Input Low Current 

-150 

-500 

juA 

V|N-VSS 

I/O PORT OPTION A 

VOH 

Output High Voltage 

M 


Volts 

'oh " -30 pA 

(STANDARD PULL-UP) 

VOH 

Output High Voltage 

mm 


Volts 

'oh = "150 /i A 


VoL 

Output Low Voltage 

^ss 


Volts 

'ol="'. 6 'tiA 


V|H 

Input High Voltage 

2.9(3) 


Volts 

Internal Pull-up to Vqq t3] 


V|L 

Input Low Voltage 

^SS 


Volts 



'l 

Leakage Current 


1 

tiA 

V|N = Vdd 


'IL 

Input Low Current 


- 1.6 

mA 

V|n = 0.4V[4] 

I/O PORT OPTION B 

VOH 

Output High Voltage 




External Pull-up 

(OPEN DRAIN) 

VoL 

Output Low Voltage 

Vss 

0.4 

Volts 

Iql - 2 mA 


V|H 

Input High Voltage 

2.9(3) 

Vdd 

Volts 

[3] 


V|L 

Input Low Voltage 

vss 

0.8 

Volts 



l|L 

^ 1 

Leakage Current 


2 

fxA 

V|N = -f 12V 
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3851 PSU Table 3 2. A Summary of 3851 PSU Signal Characteristics (Continued) 


SIGNAL 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

I/O IJORT OPTION C (DRIVER 
PULL-UP) 

VoL 

Output High Voltage 
output Low Voltage 

3.75 

Vss 

Vqd 

0.4 

Volts 

Volts 

•oh 

•OL ~ 1 -6 mA 


Notes: 

1 . Pull-up resistor to Vqq on CPU. 

2. Positive current is defined as conventional current flowing into the pin referenced. 

3. Hysteresis input circuit provides additional 0.3V noise immunity while internal/external puil-up provides TTL compatibility. 

4. Measufed while I/O port is outputting a high level. 

5. Guaranteed but not tested. 


Table 3-3. A Summary of 385 1 PSU Signal A C Characteristics 
AC Characteristics: Vgg = OV, Vqq = +5V ± 5%, Vqq = -H2V ± 5%, = 0"C to +70“C 


Symbols in this table are used by all figures in Section 3. 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST 

CONDITIONS 


ct> Period 

0.5 


10 

pS 


PWi 

<t) Pulse Width 

180 


P0-18O 

nS 

tf. tt = 50 nS typ. 

tdi 

<{, to WRITE + Delay 



250 

tiS 

Cl = 100 pf 

td2 

to WRITE-Delay . 



250 

nS 

Cu = 100 pf 

td4 

WRITE to DB Input Delay 



2P<t> + 1.0 

ftS 


PW 2 

WRITE Pulse Width 

P<^.-100 


P<t> 

nS 

tr, t( = 50 nS typ. 

PWs 

WRITE Period; Short 


4P<i> 




PWl 

WRITE Period; Long 


6P<1> 




tda 

WRITE to ROMC Delay 



550 

nS 


td/ 

WRITE to DB Output Delay 
WRITE to Delay 

2P<t> 100-td2 

2P<t> + 200 

2P<f. -f- 850-td2 

nS 

Cl = 100 pf 

tds 

WRITE to DBDR-I- Delay 


200 


nS 

Open Drain 

tri 

WRITE to INT REO- Delay 



430 

nS 

Cl = 100 pf [1] 

tnz 

WfIItE to INT REQ + Delay 



430 

nS 

Cl = 100 pf [3] 

tpn 

PRI IN to INT REQ— Delay 


200 


nS 

Cl = 100 pf [2] 

tpdi . 

PRI IN to PRI out— Delay 



300 

nS 

Cl = 50 pf 

tpd2 

PRI IN to PRI OUT -1- Delay 



300 

nS 

Cl = 50 pf 

tpda 

WRITE to PRI Out -f- Delay 



600 

nS 

Cl = 50 pf 

tpd4 

WRITE to PRI OUT — Delay 



600 

nS 

Cl = 50 pf 

Isp 

Wf^lTE Iq Output Stable 



1.0(3) 

fiS 

Cl = $0 pf. Standard 
Pull-up 

tod 

WRITE to Output Stable 

Write to output stable 



1.0(3) 

pS 

Cl = 50 pi, 

Rl = 12.5 Kn to Vdd 
plus TTL load 



2QQ 

400 

nS 

Cl = 50 pf, Driver . 
Pull-up 

I/d ^etupTIme 

fsv 

1.3 






I/O Hold Time 

0 



nS 


- 

EXT INT Setup Time, 

400 



nS 



Notes: 


1. Assume Priority In was enabled (PRI IN = 0) in previous F8 cycle before interrupt is detected in the PSU. 

2. PSU has interrupt pending before priority in is enabled. 

3. Assume pin tied to INT REQ input of the 3850 CPU. 

4. The parameters which are shaded in the table above represent those which are most frequently of importance when 
interfacing to an F8 system. Unshaded parameters are typically those that are relevant only between F8 chips and not 
normally of concern to the user. 

5. Input and output capacitance is 3 to 5 pf typical on all pins except Vqq, Vqq, and V55. 
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3851 PSU 







DATA BUS OUTPUT 


STABLE 

DBDR 1 



(START OF DATA OUT) . . 

DBDR 

(END OF DATA 

j \ 

1 

tds — ► 

> 




OUT IN SUBSEOUENT 

CYCLE) 




DATA BUS INPUT 

X STABLE 


SYMBOLS ARE DEFINED IN TABLE 3-3 


Figure 3-3. 3851 PSU Data Bus Timing 


OUTPUT (2) 
(OPEN DRAIN) 


OUTPUT (2) 
(DRIVER PULLUP) 



tod H 


Si 


2.9V 


STABLE 


SYMBOLS ARE DEFINED IN TABLE 3-3 

1 . Tlie set-up and hold times specified are with respect to the end of the second long cycle during execution of the three 
cycle IN or INS instruction. 

2. All delay times are specified with respect to the end of the second long cycle during execution of the three cycle OUT or 
OUTS instruction. 


Figure 3-7. Timing at PSU I/O Ports 
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3851 PSU 



NOTE; TIMING MEASUREMENTS ARE MADE AT VALID LOGIC LEVEL OF THE SIGNALS 
REFERENCED UNLESS OTHERWISE NOTED. 

SYMBOLS ARE DEFINED IN TABLE 3-3 

Figure 3-13. Interrupt Logic Signals' Timing 
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3852 DMI Table 4-2. Summary of 3852 DM I Signal Characteristics 


SIGNAL 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST conditions 

DATA BUS 
(DB0-DB7) 

V|H 

V|L 

VOH 

VoL 

'IH 

'IL 

Input High Voltage 
Input Low Voltage 
Output High Voltage 
Output Ldw Voltage 
Input High Current 
Input Ldw Current 

2.9 

Vss 

3.9 

Vss 

Vdd 

0.8 

Vdd 

0.4 

3 

-3 

Volts 

Volts 

Volts 

Volts 

juA 

juA 

Iqh = -100 mA 

Iql “ 1-0 ftiA 

V|N “ Vqd, 3-State mode 
V|N “ Vss- 3-State mode 

ADDRESS LINES 

(ADDR0-ADDR15) 

AND 

RAM WRITE 

VqH 

VoL 

'L 

'l 

Output High Voltage 
Output Low Voltage 
Leakage Current 
Leakage Current 

4.0 

Vss 

Vdd 

0.4 

3 

-3 

Volts 

Volts 

juA 

juA 

Iqh = -1 mA 

Iql “ 0.2 rnA 

V|N = V[)Q, 3-State mode 
V|N = Vss» 3-State mode 

CLOCK 
(tt, WRITE) 

V|H 

VlL 

'l 

Input High Voltage 
Input Low Voltage 
Leakage Current 

4.0 

Vss 

i 

Volts 

Volts 

gA 

V|N " Vqd 

MEMIDLE, 

CYCLE REQ, 

CPU READ 

VOH 

VoL 

Output High Voltage 
Output Low Voltage 

3.9 

Vss 

Vdd 

0.4 

Volts 

Volts 

Iqh = -1 mA 

Iql “ 2 mA 

CONTROL LINES 
(ROMCO-ROMC4) 

V|H 

V|L 

'L 

Input High Voltage 
Input Low Voltage 
Leakage Current 

3.5 

Vss 

i 

Vpits 

Volts 

jtiA 

V|n = 6V 

REGDR, 

CPU SLOT 

Vqh 

VOL 

V|H 

VlL 

'iL 



Output High Voltage 
Output Low Voltage 
Input High V6ltage 
Input Low Voltage 
Input Low Current 
(REGDR) 

Leakage Current 

3.9 

Vss 

3.5 

Vss 

-3.5 





*OH “ -300 juA 
•OL “ 2 mA 

Internal Pull-up 

V|N = 0.4V & Device 
outputting a logic ”1" 

V||\j = 6V 
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ADAM OSBORNE & ASSOCIATES, INCORPORATED 


3852 DMI 


Table 4-3. 3852 DM! Output Signals Timing Summary 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

P<I> - 

*1* clock period 

0.5 


10 

fxS 

Fig. 2-9 

td2 

<!> to WRITE- Delay 



250 

nS 


tadi 

Address delay if PCO 

50 

300 


nS 

3 

tad2 

Address delay to high Z (short cycle with DMA on) 

tcS2+50 



nS 

3 

tad3 

Address delay to refresh (short cycle with REF on) 

tcs2+50 


tcs2+400 

nS 

3 

tad4 

Address delay if DC 

2PrI>+50-td2 


2PrI)+400-td2 

nS 

3 

tads 

Address delay to high Z (long cycle with DMA on) 

tcs3+50 


tcs3+200 

hS 

3 

tadg 

Address delay to refresh (long cycle with REF on) 

tcs3+50 


tcs3+400 

nS 

3 

tcr^ 

CPU READ - Delay 

50 

250 

450 

nS 

1 

tcr2 

CPU READ + Delay 

2P<l)+50-td2 


2P<I>+400-td2 

nS 

1 

tcs^ 

CPU SLOT + Delay 

80-td2 


320-td2 

nS 

1 

tcs2 

CPU SLOT - Delay (PCO access) 

2P<I>+60-td2 


2P‘I)+420-td2 

nS 

1 

tcs3 

CPU SLOT - Delay (DC access) 

4P4>+60-td2 


2P<h+420-td2 

nS 

1 

tm^ 

MEMIDLE + Delay (PCO access) 

2P<I>+50-td2 


4P<I>+400-td2 

nS 

1 

tm2 

MEMIDLE - Delay (PCO access) 

4P4>+50-td2 


4P4>+350-td2 

nS 

1 

tm3 

MEMIDLE + Delay (DC access) 

4Pri>+50-td2 


4P4>+400-td2 

nS 

1 

tm4 

MEMIDLE - Delay (DC access) 

6P<h+50-td2 


6P4>+350-td2 

nS 

1 

tcyi 

WRITE to CYCLE REQ - Delay 

80-td2 


400-td2 

nS 

1,4 

tcy2 

WRITE to CYCLE REQ + Delay 

P<I>+80-td2 


P'I>+400-td2 

nS 

1,4 

tcV3 

CYCLE REQ + to + Edge Delay 


2P(I> 



1,4 

tcy4 

CYCLE REQ - to - Edge Delay 


2P(t> 



1,4 

twri 

RAM WRITE - Delay 

4P<I>+50-td2 


4P4>+450-td2 

nS 

3 

twr2 

RAM WRITE + Delay 

5P')>H 50-td2 


5P<I>+300-td2 

nS 

3 

twr3 

RAM WRITE Pulse Width 

350 


P4> 

nS 

3 

twr4 

RAM WRITE to High Z Delay 

tcs2+40 


tcs2+200 

nS 

3 

trgi 

REGDR - Delay 

70 

300 

500 

nS 

1 

trg2 

REGDR + Delay 

2P<I>+80-td2 


2PtI>+500-td2 

nS 

1 

td4 

WRITE to Data Bus Input Delay 



2P<Ij+1000 

nS 


tdy 

WRITE to Data Bus Output Delay 

2P‘l>+100-td2 


2P<h+850-td2 


2 


Notes: 


1. CL = 50pf. 

2. Cl = 100 pf. 

3. Cl = 500 pf. 

4. CYCLE REQ is a divide-by-2 of «!> for all instructions except the STORE instruction. 

5. On a given chip, the timing for all signals will tend to track. For example, if CPU SLOT for a particular chip is fairly slow 
and its timing falls out near the MAX delay value specified, then the timing for all signals on that chip will tend to be out 
near the MAX delay values. Likewise for a fast chip whose signals fall near the MIN values. This is a result of the fact that 
processing parameters (which affect device speed) are quite uniform over small physical areas on the surface of a wafer. 

6. Input and output capacitance is 3 to 5 pf typical on all pins except Vqq, Vqq, and \/ 55 . 
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Figure 4-4. Timing Characteristics for 3852 DM! Output Signals 
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3852 DMI/3853 SMI 

4.2.2 DC Electrical Specifications 

Absolute Maximum Ratings (Above which useful 
life may be impaired). 

Vqq +15V to -0.3V 

Vqq +7V to -0.3V 

All other inputs & outputs +7V to -0.3V 

Storage Temperature -55°C to +150°C 

Operating Temperature 0°C to +70°C 

Note: All voltages with respect to Vgg. 


DC Characteristics: Vss = OV, Vqq = +5V ± 5%, 
Vgg=+12V±5%, 

Ta = 0°C to +70°C 

SUPPL Y CURRENTS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST 

CONDITIONS 

•do 

Vqd Current 


35 

70 

mA 

f = 2 MHz, 

Outputs 

unloaded 

•gg 

Vgg Current 


13 

30 

mA 

f = 2 MHz, 

Outputs 

unloaded 


Table 5-2. 3853 SMI Output Signals Timing Summary 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

p<t> 

4> clock period 

0.5 


10 

aS 

Fig. 2-9 

td2 

<!> to WRITE - Delay 



250 

nS 

2 

tady 

Address delay if PCO 

50 

300 

500 

nS 

3 

tad4 

Address delay if DCO 

2P‘t>-(-50-td2 


2PtI>-^400-td2 

nS 

3 

tcr^ 

CPU READ - Delay 

50 

250 

450 

nS 

1 

tcr2 

CPU READ + Delay 

2P4)-(-50-td2 


2Ptl>-H400-td2 

nS 

1 

twri 

RAM WRITE - Delay 

4P‘l>-t-50-td2 


4P‘I>-i-450-td2 

nS 

3 

twr2 

RAM WRITE + Delay 

5P<It+50-td2 


5P<I>-t-300-td2 

nS 

3 

twr3 

RAM WRITE Pulse 

350 


P<I> 

nS 

3 

trgi 

REGDR - Delay 

70 

300 

500 

nS 

1 

trg2 

REGDR + Delay 

2P4>-l-80-td2 


2P<I>-H500-td2 

nS 

1 

td4 

WRITE to Data Bus 



2P‘It-i-1000 

nS 



Input Delay 






tdy 

WRITE to Data Bus 

2P4i-t-100-td2 


2P4>+850-td2 

nS 

2 


Output Delay 






tri 

WRITE to INT REQ- Delay 



430 

nS 

2. 6 

tpr^ 

PRI IN to INT REQ - Delay 


200 

240 

nS 

2. 7 

lex 

EXT INT Set-up Time 

400 



nS 



Notes: 

1. CL = 50pf. 

2. Cl =100 pf. 

3. Cl = 500 pf. 

4. On a given chip, the timing for all signals will tend to track. For example, if CPU SLOT for a particular chip is fairly slow 
and its timing falls out near the MAX delay value specified, then the timing for all signals on that chip will tend to be out 
near the MAX delay values. Likewise for a fast chip whose signals fall out near the MIN values. This is a result of the fact 
that processing parameters (which affect device speed) are quite uniform. 

5. Input and output capacitance is 3 to 5 pf typical on all pins except Vqq, Vqq, and V 53 . 

6. Assume Priority In was enabled (PR I IN = 0) in previous F8 cycle before interrupt is detected in the PSU. 

7. PSU has interrupt pending before priority in is enabled. 

2-D21 






















ADAM OSBORNE & ASSOCIATES, INCORPORATED 


3854 DMA 


Table 6-3. Summary of 3854 DMA Signal Characteristics 


ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings (Above which useful life may be impaired) 


^GG 

Vdd 

All other Inputs & Outputs 
Storage Temperature 
Operating Temperature 


+15V to -0.3V 
+7V to -0.3V 
+7V to -0.3V 
-55°Cto+150°C 
0°C to +70°C 


Note: All voltages with respect to Vgg. 

DC CHARACTERISTICS: Vgg = OV, Vqd = +5V ± 5%, Vqg = +12V ± 5%, T^ = 0 to +70°C 


SUPPLY CURRENTS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST CONDITIONS 

n 

Vqq Current 


20 

40 

mA 

f = 2 MHz, Outputs Unloaded 

m 

Vqq Current 


15 

28 

mA 

f = 2 MHz, Outputs Unloaded 


SIGNAL 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

DATA BUS (DB0-DB7) 

V|H 

Input High Voltage 

3.5 

Vdd 

Volts 



V|L 

Input Low Voltage 

Vss 

0.8 

Volts 



VOH 

Output High Voltage 

3.9 

Vdd 

Volts 

Iqh = -100/jA 


VoL 

Output Low Voltage 

vss 

0.4 

Volts 

IqL =1.6 mA 


l|H 

Input High Current 


1 

pA 

V||\] = 6V, 3-State mode 


'IL 

Input Low Current 


-1 

juA 

V|N ~ Vss« 3-State mode 

ADDRESS LINES 

VOH 

Output High Voltage 

4.0 

Vdd 

Volts 

•oh = 

(ADDR0-ADDR15) 

VoL 

Output Low Voltage 

Vss 

0.4 

Volts 

IqL = 3.2 mA 


'l 

Leakage Current 


1 

pA 

V|N = 6V, 3-State mode 

ENABLE, DIRECTION 

VOH 

Output High Voltage 

3.9 

Vdd 

Volts 

Iqh = -100 pA 

DWS (DMA WRITE 

VoL 

Output Low Voltage 

Vss 

0.4 

Volts 

IqI_ = 2 mA 

SLOT), XFER, 







STROBE 

'l 

Leakage Current 


1 

pA 

V|n = 6V 


SIGNAL 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

MEM IDLE, XFER REO 

V|H 

Input High Voltage 

3.5 

Vdd 

Volts 



V|L 

Input Low Voltage 

Vss 

0.8 

Volts 



'l 

Leakage Current 


1 

pA 

V|N = 6y 

LOAD REG, READ 

V|H 

Input High Voltage 

3.5 

Vdd 

Volts 


REG, PI, P2 

V|L 

Input Low Voltage 

Vss 

0.8 

Volts 



•l 

Leakage Current 

0 

1 

pA 

V,n = 6V 

WRITE, <l> 

V|H 

Input High Voltage 

4.0 

Vdd 

Volts 



V|L 

Input Low Voltage 

Vss 

0.8 

Volts 



'l 

Leakage Current 

0 

1 

pA 

V|[\j = 6V 


Note: 


Positive current is defined as conventional current flowing into the pin referenced. 
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3854 DMA Table 6-4. 3854 DMA Device Signals Summary 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

P4> 

Clock Period 

0.5 


10 

juS 

Note 1 

PW^ 

tdi 

4> Pulse Width 

180 


Pc1)-180 

nS 

tj., tf = 50 nS typ. 
Note 1 

to WRITE + Delay 

60 


300 

nS 

td2 

<I>to WRITE - Delay 

60 


250 

nS 

Note 1 

PW2 

WRITE Pulse Width 

P4>-100 


P(lJ 

nS 

tr, tf = 50 nS typ. 

tda 

WRITE to READ/LOAD REG 
Delay 



600 

nS 


td4 

DB Input Set-up Time 



300 

nS 


tde 

XFER REQ to MEM IDLE Set-up 

200 



nS 


td? 

tdy' 

MEM IDLE to ADDR True 

50 

200 

500 

nS 

Cl = 500 pf 

MEM IDLE to ADDR 3-State 

30 


■250 

nS 

Cl = 500 pf 

tds 

READ REG to DB Output 

40 


300 

hS 

CL=100pf 

tdg 

WRITE to ENABLE & 

DIRECTION Delay 



450 

nS 

Cl = 50 pf 

tdg' 

MEM IDLE to ENABLE - Delay 



400 

nS 

Cl = 50 pf 

tdio 

MEM IDLE to XFER & DWS 
-t- Delay 



300 

nS 

CL = 50pf 

tdio 

MEM IDLE to XFER & DWS 
- Delay 



300 

nS 

Cl = 50 pf 

tdii 

4> to STROBE + Delay 

30 • 


200 

nS 

Cl = 50 pf 

tdii 

to STROBE - Delay 

30 


200 

nS 

Cl = 50 pf 


Notes: 


1. These specifications are those of and WRITE as supplied by the 3850 CPU, 

2. Input and output capacitance is 3 to 5 pf typical on all pins except Vqq, Vqq, and Vgg. 
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Figure 6-5. 3854 DMA Device Signals and Timing 


3856 2K PSU 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage Vqg 

Supply Voltage Vdq 

I/O Port Open Drain Option 

Other I/O Port Options 

All Inputs and Outputs 

Storage Temperature 

Temperature (Ambient) Under Bias 

NOTE 1 . Above which useful life may be impaired. All voltages measured with respect to Vss. 


+ 15 to -0.3 V 
+ 7 to -0.3 V 
+ 15 to -0.3 V 
+7 to -0.3 V 
+7 to -0.3 V 
—55 to + 1 50°C 
0 to +70°C 


SUPPLY CURRENTS 


SYMBOL 

PARAMETER 


MAX 

UNITS 

TEST 

CONDITIONS 

Idd 

Vdd Current 

75 

125 

mA 

f = 2 MHz, 

Outputs 

unloaded 

Igg 

Vgg Current 

30 

45 

mA 

f = 2 MHz. 

Outputs 

unloaded 


TYPICAL THERMAL RESISTANCE VALUES 

PLASTIC: 

SjA (Junction to ambient) = 60°C/W (Still Air) 

Ojc (Junction to case) = 42°C/W 

CERAMIC: ^ 

SjA (Junction to ambient) = 48°C/W (Still Air) 

6jc (Junction to case) = 33°C/W 


TABLE 1. 3856 PSU SIGNAL DC CHARACTERISTICS 


DC ELECTRICAL CHARACTERISTICS: Vgs = 0 V. VpD = +5.0 V ±5%. Vgg = + 1 2 V ±5%, Ta = 0°C to +70'‘C unless otherwise noted. 


SYMBOL 

PARAMETER 

SIGNAL 

MIN 


UNITS 

TEST CONDITIONS 

V|H 

Input HIGH Voltage 

Data Bus (OBg-DBy) 

2.9 

Vdd 

n 


V|L 

Input LOW Voltage 


Yss 

0.8 

mm 


VOH 

Output HIGH Voltage 


3.9 

Ydd 

n 

Iqh = -100 jiA 

VoL 

Output LOW Voltage 


Yss 

mSm 

mm 

Iql “1*6 mA 

l|H 

Input HIGH Current 



■cU 


Yin = Ydd, 3-State Mode 

lOL 

Input LOW Current 





Yin = Yss. 3-State Mode 

V|H 

Input HIGH Voltage 

Clock Lines (</>, Write) 

4.0 


n 


V|L 

Input LOW Voltage 


Yss 

BlI 

u 


'l 

Leakage Current 




BUI 

Yin = Ydd 

V|H 

Input HIGH Voltage 

Priority In and Control 

3.5 

1 

n 


V|L 

Input LOW Voltage 

Lines (PRI IN, ROM Cq-ROM C 4) 

Yss 


mm 


II 

Leakage Current 




mSM 

Yin = Ydd 

Yoh 

Output HIGH Voltage 

Priority Out (PRI OUT) 

3.9 

Ydd 

n 

•oh “ -100 ^lA 

VoL 

Output LOW Voltage 


Yss 

0.4 

n 

Iql “100 fiA 

Yoh 

Output HIGH Voltage 

Interrupt Request (INT REQ) 


■1 

n 

Open Drain Output (Note 1 ) 

Yol 

Output LOW Voltage 


Yss 


mm 

■oL = 1.0 mA 

II 

Leakage Current 




mm 

0 

0 

> 

II 

z 

> 

Yoh 

Output HIGH Voltage 

Data Bus Drive (DBDR) 


■1 

■i 

External Pull-up 

o 

> 

Output LOW Voltage 


Yss 



Iql = 2.0 mA 

'l 

Leakage Current 


i 

Bl 


0 

0 

> 

II 

z 

> 
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3856 2K PSU 


TABLE 1. 3856 PSU SIGNAL DC CHARACTERISTICS 


DC ELECTRICAL CHARACTERISTICS: Vss = OV. Vdd = +5.0V±5*. Vgg = +12 V=i=5%.TA = OX to ^-70°C unless Otherwise noted. 


SYMBOL 

PARAMETER 

SIGNAL 

mn 

15, FA!! 


TEST CONDITIONS 

VOH 

Input HIGH Voltage 

Strobe 

3.9 

Vdd 

Hi 

•oh = 10 fi'A 

VoL 

Output LOW Voltage 


Vss 

0.4 

D 

Iql = 2.0 mA 

V|H 

Input HIGH Voltage 

External Interrupt (EXT INT) 

2.9 

Vdd 

V 

l|N = -130 nA (Internal Pull-up) 

V|L 

Input LOW Voltage 


Vss 

0.8 

V 


l|L 

Input LOW Current 



-1.6 

mA 

ViN = 0.4 V 

VoH 

Output HIGH Voltage 

I/O Port Option A 

3.9 

Vdd 

V 

Iqh = “30 iiA, Note 5 

VoH 

Output HIGH. Voltage 

(Standard Pull-Up) 

2.9 

Vdd 

V 

Iqh = -150 /iA 

VoL 

Output LOW Voltage 


Vss 

0.4 

V 

•oL = 1.6 mA 

V|H 

Input HIGH Voltage 


2.9 

Vdd 

V 

Internal Pull-up to Vdd, Hote 3 

V|L 

Input LOW Voltage 


Vss 

0.8 

V 


l|L 

Input LOW Current 



-1.6 

mA 

V|H = 0.4 V, Note 4 


Output HIGH Voltage 

I/O Port Option B 



■1 

External Pull-up 


Output LOW Voltage 

(Open Drain) 

Vss 

0.4 

Bi 

lOL = 2.0 mA, Note 3 


Input HIGH Voltage 


2.9 

Vdd 




Input LOW Voltage 


Vss 

0.8 

n 


VoH 

Output HIGH Voltage 

i/0 Port Option C 

4.0 


n 

•oh = -1.0 mA 

VoL 

Output LOW Voltage 

(Driver Pull-Up) 

Vss 

la 

mm 

Iql = 2.0 mA 


NOTES: 

1. Pull-up resistor to Vqq on CPU. 

2. Positive current is defined as conventional current flovring into the pin referenced. 

3. Hysteresis input circuit provides additional 0.3 V noise immunity while intarnal/external pull-up provides TTL compatibility. 

4. Measured while I/O port is outputting a high level. 

5. Guaranteed, but not tested. 


TABLE 2. 3856 PSU SIGNAL AC CHARACTERISTICS 

AC ELECTRICAL CHARACTERISTICS: Vss = 0 V. VpD = +5.0 V *5%, Vgg = + 12 V ±5%. Ta = 0°C to -i-70°C unless otherwise noted. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

ness 

TEST CONDITIONS 

P<t> 

<ti Period 

0.5 


10 

MS 


PW, 

<#. Pulse Width 

180 


P<^-180 

ns 

tp tf = 50 ns Typ 

td^, td2 

<t> to Write -I- Delay 



250 

ns 

Cl = 100 pF 

td4 

Write to DB Input Delay 



2P</)-f-1.0 

MS 


PWa 

Write Puise Width 

P</.-100 


P<t> 

ns 

tp tf = 50 ns Typ 

PWs 

Write Period; Short 


4P<^ 




PWl 

Write Period: Long 




ns 


Ids 

Write to ROMO Deiay 



550 

ns 


tdy 

Write to OB Output Delay 
Write to DBDR - Delay 

2P</)-t-100-td2 

2P<^-f200 

2P<#.-l-850-td2 

ns 

Cl = 100 pF 

Ida 

Write to DBDR -1- Delay 


200 


ns 

Open Drain 

fi 

Write to INT Req - Delay 



430 

ns 

Cl = 100 pF, Note 1 

tpri 

PRI In to INT Req - Delay 


200 


ns 

Cl = 100 pF, Note 2 

tpd^, tpd2 

PRI In to PRI Out Delay 


800 


ns 

Cl = 50 pF 

tpda, tpd4 

Write to PRI Out Delay 


600 


ns 

Cl = 50 pF 

tsp 

Write to Output Stable 



1.0 

MS 

Cl = 50 pF, Standard Pull-up 
Note 3 

•od 

Write to Output Stable 



2.5 

MS 

Cl = 50 pF, Rl = 12.5 kn 

Open Drain, Note 5 

•dp 

Write to Output Stable 


200 

400 

ns 

Cl = 50 pF, Driver Pull-up 

Uu 

I/O Set-up Time 

1.3 



MS 


‘h 

I/O Hold Time 

0 



ns 


tax 

Ext Int Set-up;Time 

400 



ns 


tjBi 

Write to Strobe + Delay 



SP<f>+300 

ns 

Cl = 50 pF 

•5^2 

Write to Strobe - Delay 



6P«-f410 

ns 

Cl = 50 pF 


NOTES: 

1. Assume Priority In was enabled (PRI IN = 0) In previous F8 cycle before interrupt is detected In the PSU. 

2. PSU has interrupt pending b efore priority in is enabled. 

3. Assume pin tied to INT REQ input of the 3850 CPU. 

4. The parameters which are shaded in the table above represent those which are most frequently of importance when interfacing to an F8 system. Unshaded 
parameters are typically those that are relevant only between F8 chips and not normally of concern to the user. 

5. Input and output capacitance is 3 to 5 of typical on all pins except Vqq, Vqq arxt Vgg. 
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DBOR 

(END OF DATA OUT ' 
IN SUBEQUENT CYCLE) 




Fig. 2 DATA BUS TIMING 




Fig. 3 INTERRUPT LOGIC SIGNALS I/O STROBE 


NOTES; 1. Timing measurements are made at valid logic level to valid logic level 
of the signals referenced unless otherwise noted. 

2. Symbols are defined in Table 2. 
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3856 2K PSU/3861 PIO 

I/O operations that use the two PSD I/O ports execute in three instruction cycles. During the first cycle, the port 
address Is transmitted to the Data Bus. During the second cycle.dataiseithersentfrom the Accumulator to the 
I/O latch or enabled from the I/O pin to the Accumulator depending on whether the instruction is an output or 
an input. At the falling edge or Write (marking the end of the second cycle and beginning of the third cycle) the 
data is strobed into either the Latch (OUTS) orthe Accumulator( INS) respectively. The third cycle is then used 
by the CPU for its next instruction fetch. Figure 4 indicates I/O timing. 

Data Bus timing associated with execution of I/O instructions does not differ from Data Bus timing associated 
with any other data transfer to, or from the PSU. However, timing at the I/O port itself depends on which port 
option is being used. Figures 5a, 5b, and 5c illustrate the three ports options. Figure 4 illustrates timing for the 
jhree cases. 

WRITE 


(1) 

INPUT 


OUTPUT 
(STANDARD PULLUP) 


OUTPUT 
(OPEN DRAIN) 


OUTPUT 
(DRIVER PULLUP) 


(l.) The set-up and hold times specified are with respect to the end of the second tong cycle during execution of the three cycle IN or INS 
instruction. 

(2.) All delaytimes are specified with respecttotheendof the second long cycle during execution of the three cycle OUT or OUTS instruction. 


7.2.2 Electrical Specifications 

Absolute Maximum Ratings (Above which useful 
life may be impaired) 

Vqq +15Vto-0.3V 

^DD 

External Interrupt Input 
All other Inputs & Outputs 
Storage Ternperature 
Operating T emperature 


SUPPL Y CURRENTS 


SYMBOL 

PAf^AMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST 

CONDITIONS 

Idd 

Vdd Current 


30 

70 

mA 

f = 2 MHz, 

Outputs 

Unloaded 



•gg 

Vqq Current 


10 

18 

mA 

f = 2 MHz, 

Outputs 

Unloaded 




Supply currents measured with Vqq = +5V ± 5%, 
Vqq = +12V ± 5%, = 0°C to +70°C. All other 

electrical specifications are in Table 7-4. AM 
voltages rneasured with respect to Vss- 


+7V to -0.3V 
-600 pA to +225 pA 
+7V to -0.3V 
-55°Cto+150°C 
0°Cto+70°C 



Fig. 4 TIMING AT PSU I/O PORTS 
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3861 PIO Table 7-4. A Summary of 3861 PIO Signal Characteristics 


SIGNAL 

SYMBOL 

PARAMETER 


MAX. 

UNITS 

TEST CONDITIONS 

DATA BUS 

V,H 

■ 

Input High Voltage 

3.5 


Volts 


(DB0-DB7) 

V|L 

Input Low Voltage 

Vss 

Hh 

Volts 



VqH 

Output High Voltage 

3.9 


Volts 

’oh “ /‘A 


VqL 

Output Low Voltage 

Vss 


Volts 

Iql “ 1 -6 iTiA 


'IH 

Input High Current 


HH 

/tA 

V|N = 6V, 3-State mode 


'OL 

Input Low Current 


■■ 

gA 

V|N = Vgg, 3-State mode 

CLOCK LINES 

V|H 

Input High Voltage 

4.0 

Vdd 

Volts 


(4), WRITE) 

V|L 

Input Low Voltage 

Vss 

0.8 

Volts 



'l 

Leakage Current 


1 

ma 

V|n = 6V 

PRIORITY IN AND 


Input High Voltage 

3.5 

Vdd 

Volts 


CONTROL LINES 


Input Low Voltage 

Vss 

0.8 

Volts 


(PRI IN, ROMCO- 


Leakage Current 


1 

/iA 

V|n = 6V 

ROMC4) 

■■ 






PRIORITY OUT 

VqH 

Output High Voltage 

3.9 

Vdd 

Volts 

Iqh = -100 gA 

IPRI OUT) 

VqL 

Output Low Voltage 

Vss 

0.4 

Volts 

Iql = 1 00 gA 

INTERRUPT 

Vqh 

Output High Voltage 



Volts 

Open Drain Output [1] 

REQUEST 

VqL 

Output Low Voltage 

Vss 

0.4 

Volts 

Iql - 1 rnA 

(INT REQ) 

'l 

Leakage Current 


1 

juA 

V|n=6V 

DATA BUS DRIVE 

VqH 

Output High Voltage 




External Pull-up 

(DBDR) 

VqL 

Output Low Voltage 

Vss 

0.4 

Volts 

Iql = 2 mA 


'l 

Leakage Current 


1 

gA 

V|n = 6V 

EXTERNAL 

■■ 

Input High Voltage 

3.5 


Volts 


INTERRUPT 


Input Low Voltage 


1.2 

Volts 


(EXT INT) 

Hi 9 

Iriput Clamp Voltage 


15 

Volts 

1 ll-j = 185 gA 


HUSH 

Input High Current 


10 

HA 

V|N = Vqq 


HdH 

Input Low Current 


-225 

gA 

V|n=2V 


H 

Input Low Current 

-150 

-500 

liA 

V|N = Vss 

I/O PORT 

VqH 

Output High Voltage 

3.9 

mm 

Volts 

’OH - -30 gA 

(STANDARD 

Vqh 

Output High Voltage 

2.9 

H9 

Volts 

’OH - -100 gA 

PULL-UP) 

Vql 

Output Low Voltage 

Vss 

HH 

Volts 

Iql - 2 mA 


V|H 

Input High Voltage 

2.9 


Volts 

Internal Pull-up to Vqq [3] 


V|L 

Input Low Voltage 

Vss 


Volts 



'IL 

Leakage Current 


1 

gA 

V|n=6V 


'L 

Input Low Current 


-1.6 

mA 

V|N =0.4V [4] 


Notes: 

1. Pull-up resistor to Vqq on CPU. 

2. Positive current is defined as conventional current flowing into the pin referenced. 

3. Hysteresis input circuit provides additional 0.3V noise immunity while internal/external pull-up provides TTL compatibility. 

4. Measured while I/O port is outputting a high level. 

5. Vss = OV, Vdd = -H5V ± 5%, Vqg = -(-1 2V + 5%, = 0°C to -^70°C. 

6. Output device off. 
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3861 PIO Table 7-5. A Summary of 3861 PIO Signal AC Characteristics 

AC Characteristics: Vgg = OV, Vqq = +5V ± 5%, = 0 C to +70°C 

Symbols in this table are used by all figures in Section 7. 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST 

CONDITIONS 

P<I) 

<t> Period 

0.5 


10 

gS 


PWi 

<!> Pulse Width 

180 


P<I>-180 

nS 

tf, tf = 50 nS typ. 

tdi 

4>to WRITE + Delay 

60 


250 

nS 

Cl = 100 pf 

td2 

4) to WRITE -Delay 

60 


225 

nS 

Cl= 100 pf 

td4 

WRITE to DB Input Delay 



2P4> -1-1.0 

gS 


PW2 

WRITE Pulse Width 

P‘I)-100 


P4> 

nS 

t,., tf = 50 nS typ. 

PWs 

WRITE Period; Short 


4P<[) 




PW|_ 

WRITE Period; Long 


6P<I> 




td3 

WRITE to ROMC Delay 



550 

nS 


td7 

WRITE to DB Output Delay 
WRITE to DBDR - Delay 

2P<f>-H00-td2 

2P4>+200 

2P<I>■^850-td2 

nS 

Cl = 100 pf 

tds 

WRITE to DBDR + Delay 


200 


nS 

Open Drain 

tn ’ 

WRITE to INT REQ - Delay 



430 

nS 

Cl = 100 pf [1] 

tr2 

WRITE to INT REQ + Delay 



430 

nS 

Cl = 100 pf [3] 

tpri 

PRI IN to INT REQ - Delay 



240 

nS 

Cl = 100 pf [2] 

tpr2 

PRI IN to INT REQ + Delay 



240 

nS 

Cl= 100 pf 

tpdi 

PRI IN to PRI OUT - Delay 



300 

nS 

Cl = 50 pf 

tpd2 

PRI IN to PRI OUT + Delay 



365 

nS 

Cl = 50 pf 

tpda 

WRITE to PRI OUT + Delay 



700 

nS 

Cl = 50 pf 

tpd4 

WRITE to PRI OUT - Delay 



640 

nS 

Cl = 50 pf 


WRITE to Output Stable 



2.5 

MS 

Cl = 50 pf, 
Standard Pull-up 

*tsu 

I/O Set-up Time 

1.3 



gS 



I/O Hold Time 

0 



nS 


^ex 

EXT INT Set-up Time 

400 



nS 



Notes: 

1. Assume Priority In was enabled (PRI IN = 0) in previous F8 cycle before interrupt is detected in the PIO. 

2. PSD has interrupt pending before priority in is enabled. 

3. Assume pin tied to INT REQ input of the 3850 CPU. 

*4. The parameters which are starred in the table above represent those which are most frequently of importance when 

interfacing to an F8 system. Other parameters are typically those that are relevant only between F8 chips and not normally 
of concern to the user. 

5. Input and output capacitance is 3 to 5 pf typical on all pins except Vqq, Vqq, and Vss- 
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Figure 7-3. 386 f pio Data Bus Timing 


WRITE 

INPUT (1) 

OUTPUT (2) 

(STANDARD 
PULL-UP) 

SYMBOLS USED ARE DEFINED IN TABLE 7-5 

Notes: 

1. Data from the I/O port is strobed into the accumulator of the CPU at the end of the second instruction cycle during 
execution of an IN or INS instruction. 

2. During an OUT or OUTS instruction, data is strobed into the port latch at the end of the second instruction cycle; thus 
the cycle shown is the second cycle within the execution of the instruction. 

3. Input and output capacitance of 3 to 5 pf typical on all pins except Vqq, Vqq, and V53. 

Figure 7-4. timing at PIO i/0 Ports 
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3861 PIO 



SYMBOLS ARE DEFINED IN TABLE 7-5 

Note: 

Timing measurements are made at valid logic level to valid logic level of the signals referenced unless otherwise noted. 

Figure 7-6. Interrupt Logic Signals 's Timing 
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Chapter 3 

THE NATIONAL SEMICONDUCTOR 

SC/MP 


SC/MP is a low-cost microprocessor that has been designed to operate easily in multi-microprocessor con- 
figurations. The most interesting characteristic of SC/MP is its bus interface logic. Most microprocessors are 
designed to always operate as bus master in any microcomputer system. SC/MP, in contrast, has the bus inter- 
face logic of a support device; it does not assume that it has any more right to a System Bus than any other 
device. Bus request/acknowledge logic coupled with bus access priority logic makes SC/MP the slave 
microprocessor of choice in any multi-microprocessor application. 

The very open bus interface logic of SC/MP results in it having no special support devices; it shares the support 
devices of other National Semiconductor microprocessors. These support devices are described in Volume III. 

The prime source is: 

NATIONAL SEMICONDUCTOR INC. 

® 2900 Semiconductor Drive 

Santa Clara, CA 95050 

The authorized second source for SC/MP is: 


SIGNETICS 

81 1 East Arques Avenue 
Sunnyvale, CA 94043 

Although Signetics is authorized as an SC/MP second source, they are not yet manufacturing SC/MP and are not likely 
to do so until late 1978. 

Figure 3-1 conceptually illustrates the logic functions which are implemented on the SC/MP chip. One of the 
weaknesses of Figure 3-1, and the equivalent figures for the other microcomputers, is that the way in which 
logic functions are implemented cannot be identified. SC/MP, for example, implements non-CPU logic at a very 
elementary level, well suited for simple applications only. 

Nonetheless, Figure 3-1 does reveal a few of the rather unusual capabilities provided by 
SC/MP. Notice that Serial-to-Parallel Interface Logic is shown as implemented by the 
SC/MP chip. SC/MP has two serial I/O device pins, one for serial binary input data, the other for 
serial binary output data. The assembly and disassembly of serial-to-parallel data is accomplished by one SC/MP in- 
struction. 

Figure 3-1 also shows Programmable Timer logic as being implemented by the SC/MP chip. This is barely 
justifiable — the SC/MP instruction set includes a Delay instruction that is used to generate timed durations ranging 
from 1 3 to 1 31 ,593 microcycles. Note, however, that during this delay interval the CPU can be performing no other ac- 
tions: the CPU is, in effect, operating solely as a programmable timer. This is obviously quite different from having a 
separate logic device that performs this timer function within a system. Once again, this points out the weakness of a 
generalized representation such as Figure 3-1. 

One other area of non-CPU logic shown as being implemented by SC/MP further illustrates 
this point. A portion of the Direct Memory Access (DMA) logic is provided by SC/MP 
using a few signals to control bus access. A significant amount of external logic would still 
be required to obtain an operational DMA system. Therefore, Figure 3-1 can be misleading 
because it cannot indicate the way in which the CPU implements a particular function. In this 
particular case there is also a significant area of non-CPU logic provided by SC/MP that is nowhere indicated by Figure 
3-1; The signals that can be used for DMA are primarily intended to simplify the design of multiprocessor 
systems. This is a very unusual logic function for a CPU to provide and therefore is not even suggested in Figure 3-1. 
But for SC/MP, the inclusion of this multiprocessor-oriented logic makes a lot of sense: its low cost and modest perfor- 
mance make it a likely candidate for multiprocessor systems. 


SC/MP DMA 
AND 

MULTIPROCESSOR 

LOGIC 


SC/MP 
SERIAL I/O 
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Clock Logic 


Logic to Handle 
Interrupt Requests 
from 

External Devices 


Accumulator 

Registerfs) 


Instruction Register 


Data Counterfs) 


Control Unit 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Interrupt Priority 
Arbitration 


Program Counter 


System Bus 


I/O Communication 
Serial to Parallel 
Interface Logic 


ROM Addressing 
and 

Interface Logic 


RAM Addressing 
and 

Interface Logic 


I/O Ports 
Interface Logic 


Read/Write 

Memory 


Programmable 

Timers 


Read Only 
Memory 


Figure 3-1. Logic of the SC/MP Microcomputer 
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There are two versions of the SC/MP CPU: the original version uses P-channel silicon-gate 
MOS/LSI technology and its part number is ISP-8A/500: the new version (SC/MP-II) uses 
N-channel technology and its part number is ISP-8A/600. The two versions are functionally 
equivalent and fully compatible in terms of object code and pin configuration. (A few minor 
signal level conversions are required for complete signal compatibility: see Figure 3-3.) The SC/MP-II provides some 
significant advantages over the original version — it is twice as fast and uses only one-fourth the power of the 
original P-channel version. Additionally, while SC/MP requires two power sources (a -f- 5 volt and a -7 volt sup- 
ply), SC/MP-II needs only a single +5 volt supply. Throughout this chapter, we will simply refer to the CPU as 
SC/MP; all the descriptions apply to both versions of the CPU unless we specifically mention SC/MP-II. 

Both versions of the SC/MP CPU have an on-chip clock oscillator and can use a capacitor, 
crystal, or TTL clock input to drive the clock. The P-channel SC/MP can run at a maximum fre- 
quency of 1 megahertz, which results in instruction execution times in the range of 10 to 50 
microseconds. SC/MP-II can operate at frequencies up to 4 megahertz with resulting instruction 
execution times in the range of 5 to 25 microseconds. Notice that although the input frequency 
for SC/MP-II can be four times that of SC/MP, the instruction execution time for SC/MP-II is twice as fast (not four times 
as fast): this is because of internal differences in the way the on-chip clock oscillator uses the timing inputs. 

Both versions of SC/MP provide TTL-compatible input and output signals. 

SC/MP PROGRAMMABLE REGISTERS 

SC/MP has an 8-bit Accumulator, an 8-bit Extension register, a 16-bit Program Counter, three 16-bit Pointer 
registers, and an 8-bit Status register. These programmable registers are illustrated as follows: 


Accumulator (A) 

Extension register (E) 

Program Counter (PC) or Pointer Register 0 (PO) 
Pointer Register 1 (PI) 

Pointer Register 2 (P2) 

Pointer Register 3 (P3) 

Status register 


8 bits 


8 bits 


16 bits 


16 bits 


16 bits 


16 bits 

"T" 


8 bits 


SC/MP 
LOGIC LEVEL 


SC/MP 

INSTRUCTION 

EXECUTION 

SPEED 


SC/MP 

AND 

SC/MP-II 


The Accumulator is a single, primary Accumulator, as described for our hypothetical microcomputer. 

The Extension register is used to assemble or disassemble serial-to-parallel data for serial data input and output. 
This register is also used as a buffer for the Accumulator. 

The Program Counter is 16 bits wide; therefore up to 65,536 bytes of memory may be ad- 
dressed in the normal course of events. The four high-order bits of the Program Counter 
represent page select bits: therefore the memory of an SC/MP system is divided into 16 
pages of 4096 words each. / ; / 

Notice that the Program Counter is shown as Pointer Register 0; this is done because some instructions move data bet- 
ween Pointer registers including the Program Counter. There is one other unusual fact about the SC/MP Program 
Counter; the four most significant bits (the page select bits) of the Program Counter are never incremented dur- 
ing the instruction fetch sequence. Instead, when the last address of a page is reached, the Program Counter 
"wraps-around” to the first address of the current page. For example, if the Program Counter-contains 2FFFi6- 
when it is incremented the new contents of the Program Counter will be 2 OOO 10 instead of 3OOOi0. The page. select 
bits of the Program Counter can only be changed by executing an instruction that loads a new value into the rhost sig- 
nificant bits of the Program Counter. 

Note that the four high-order address bits are not output on separate address pins; instead they are output on the data 
lines at the beginning of an input/output cycle and must be demultiplexed by external logic in order to generate page 
select signals. 

The three Pointer registers are also used as Index registers or Stack Pointers. Typically, you would assign a 
specific function to each register. For example, the following assignments might be used: 

PI - ROM Pointer 
P2 - Stack Pointer 
P3 - Subroutine Pointer 


SC/MP 

MEMORY 

PAGES 
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These arbitrary assignments also reveal several interesting facts about the architecture of SC/MP. First, the SC/MP CPU 
does not provide an on-chip stack; instead, a stack can be maintained in memory using one of the Pointer registers as a 
Stack Pointer. Secondly, the SC/MP instruction set does not include a Jump-to-Subroutine instruction: one of the 
Pointer registers must be used tp hold subroutine addresses which can then be swapped with the Program Counter. 
We will discuss this in detail when we describe the SC/MP instruction set. 

ADDRESSING MODES 

The SC/MP memory reference instructions use program-relative direct addressing, indexed addressing, and 
auto-indexed addressing. All memory reference instructions are two-byte instructions and have the following 
object code format: 



here that all addressing in SC/MP is paged and uses the wrap-around technique — that is. there is no carry from 
the low order 1 2 bits of an address into the most significant 4 bits of an address. We mentioned this earlier when we 
discussed the Program Counter, and it also applies to indexed addressing. Thus, if the sum of the Index register (that is, 
one of the Pointer registers) and the second object code byte contents (displacement) is more than FFFi 5 , the Carry bit 
will be discarded. This may be illustrated as follows: 

Pointer register (Index register) displacement 

I IF I B4--1 


+ 

I 

Effective Address = 1FB4 + 4D 
1 F B 4 

f . + 4 D 

Expected result = 21.0 0 1 

Discard Carry '^Actual Result is 1001,, 

Remember, all arithmetic operations during address formation, regardless of the addressing mode, obey this 
wrap-around technique: there is never a carry from bit 11 into bit 12. 

The auto-indexing mode of addressing provided by SC/MP instructions is actually an auto-increment/auto- 
decrement operation. When auto-indexing is specified, the displacement, as a signed binary. number, is added to the 
contents of a Pointer register in order to compute an effective address. If the displacement is less than zero, the Pointer 
register is decremented by the displacement before the memory access. If the displacement is equal to or greater than 
zero, then the contents of the Pointer register is the effective address and the Pointer register contents are incremented 
by the displacement after the memory access. This method of auto-increment and auto-decrement addressing is 
the same as that described in Volume I with one significant difference: SC/MP allows an address to be incre- 
mented or decremented by any value in the range 0-127 instead of just by a value of one. 



I I 
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SC/MP STATUS REGISTER 

SC/MP has a programmable 8-bit Status register which may be illustrated as follows: 



Circled numbers represent device pin numbers to which bits of the Status register are connected. 

The Carry (CY), Link (L) and Overflow (OV) status bits are typical microcomputer status bits as were described 
in Volume I, Chapter 7. 

: The two sense bits, SB and SA, are tied to SC/MP device pins. These two bits directiy reflect the state of the 
logic signals applied to the device pins and thus can be used to detect external events. Although there are no 
SC/MP instructions that allow you to directly jump or branch on the conditioh of one of these bits, a sequence of mask- 
ing and testing instructions can be used to accomplish the same effect, albeit more slowly. The SA and SB bits are 
read-only bits. Instructions may read the status of these two bits, but only incoming signals may change t[^eir 
condition. For example, an instruction that moves the contents of the Accumulator to the Status register may modify 
any of the other status bits, but bits 4 and 5 will not change. The SA bit serves a dual function. If the Interrupt Epa- 
ble (IE) bit is set to one, the SA input serves as the interrupt input. We will discuss interrupt processirig later in this 
chapter. 

FO, FI pnd F2 are control flags that are tied to SC/MP device pins. The state of these three flags may be 
changed under program control and may be used to control external devices. When the state of any of these flags 
is changed, it is immediately reflected by a change in the signal level at the associated device pin. 

SC/MR CPU SIGNALS AND PIN ASSIGNMENTS 

Figure 3-2 illustrates the SC/MP pins and signals. A description of these signals is useful as a guide to the way 
|n which an SC/MP microcomputer system works. 

The 12 address lines ADOO - AD1 1 output memory and I/O device addresses. These are tristate lines, and may 
be floated, giving external logic control of the Address Bus. The four most significant address bits 
(ADI 2 - ADI 5) are time multiplexed on the data lines. 

The eight Data Bus lines DBO - DB7 are multiplexed, bidirectional data lines through which 8-bit data units are 
input and output, and on which statuses and address bits are output at the beginning of any input/output cycle. 
Statuses on Data Bus lines DB4 - DB7 identify the type or purpose of the input/output cycle. The address bits 
on Data Bus lines DBO - DBS are the four most significant address bits (ADI 2 - ADI 5) which must be bsed to 
generate page select signals for memory or peripheral devices. Table 3-1 'describes the status and address infor- 
mation that is output on the Data Bus. Like the address Ijnes, the data jines are tristate. 

SENSEA, SENSEB, FLAGO, 1, aqd 2 are pin connections for the similarly named Status register bits described 
earlier. 


SIN and SOUT are used in combination with the SIO instruction for seriai input of data to the Extension register 
and serial output of data from the Extension register. . / 

The remaining signals (excluding clock, power and ground) may be divided into bus access. Data Bus definition, and 
timing control signals. 

You will notice that some of the SC/MP pins in Figure 3-2 have two sets of signal 
names: the names enclosed in parentheses reflect the nomenclature used with SC/MP- 

II. Aside from the clock and power signals which we shall discuss separately, the only 
diffefence between SC/MP and SC/MP-II is in the polarity of bus access signals: Bus Request 
(BREQ/NBREQ), Enable In (ENIN/NENIN), and Enable Out (ENOUT/NENOUT). The "N" prefix to 
each of the SC/MP-II signals indicates that these signals are negative-true — as opposed to 
the positive- (or logic "1") true signals for the P-channel SC/MP. In the descriptions that 
follow, we will use P-channel SC/MP nomenclature. If you are using the N-channel SC/MP-II version, you must 
simply invert these signals. ; • 


SIGNAL 
DIFFERENCES 
BETWEEN SC/MP 
(P-CHANNEL) 
AND SC/MP-II 
(N-CHANNEL) 
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NWDS- 
NRDS- 
(NENIN) ENIN ' 
INENOUT) ENOUT • 
(NBREQ) BREQ ■ 
NHOLD • 
NRST . 
CONT • 
DB7 • 
DB6 ■ 
DBS - 
DB4 ■ 
DB3 • 
DB2 • 
DB1 ■ 
DBO> 
SENSEA • 
SENSEB- 
FLAGO ■ 
(GND) Vgg • 


PIN NAMEt 
X1,X2 
*DB0-DB7 
•AD00-AD11 
*SENSEA,SENSEB 
•FLAG0,1,2 \ 

•NRST 

•CONT 

•BREQ (NBREQ) 

•ENIN (NENIN) 

•ENOUT (NENOUT) 
•NADS 
•NRDS 
•NWDS 
•NHOLD 
SIN 
SOUT 

'^GG-'^SS^'^CC-^ND) 

•These signals connect 
t Signals in parenthesis 
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DESCRIPTION 

Crystal/Capacitor Connections 

Data Bus 

Address Lines 

External Status Input 

Flags 

Reset 

Halt/Continue 
Bus Request /Busy 
Data Bus Enable 
CPU Bus Access Status 
Address on Data Bus 
Data Input Strobe 
Data Output Strobe 
Clock Delay 
Serial Data In 
Serial Data Out 
Power and Ground 

to the System Bus. 

are SC/MP-II signal names. 


Vgg (Vcd 

NADS 

X2 (XOUT) 

XI (XIN) 

AD11 

AD10 

AD09 

ADOS 

Ap07 

AD06 

AD05 

AD04 

AD03 

AD02 

ADOI 

ADOO 

SIN 

sour 

FLAG2 

FLAG! 


TYPE 

Input 

Bidirectional, Tristate 

Output, Tristate 

Input 

Output 

Input 

Input 

Bidirectional . 

Input 

Output 

Output 

Output, Tristate 

OL|tput, Tristate 

Input 

Input 

Output 


Figure 3-2. SC/IVIP CPU Signals and Pin Assignments 


Before the SC/MP CPU can begin any input/output operation, it must gain access to the 
System Busses, This approach reflects the design philosophy behind SC/MP. It is a relatively 
low-cost, low-performance CPU and the designers anticipated that it would frequently be used in 
multiprocessor systems or in systems utilizing Direct Memory Access. Accordingly, three signals 
are provided to control access to the System Busses. 

BREQ is used as a bus busy input indicating that some other device is using the System Busses; as an output, 
BREQ is a bus request which is output when the System Busses are free and SC/MP requires access to the 
busses. 

ENIN is a control signal which is input to the CPU by external logic. When ENIN is low, the CPU is denied access 
to the System Busies and the'SC/MP address and data lines are held in tristate mode. 


SC/MP 
BUS ACCESS 
CONTROL 
SIGNALS 
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ENOUT is the CPU's output response to ENIN. When output high, ENOUT indicates that ENIN is high: therefore, the 
CPU can gain access to the System Busses, but it has not done so. If ENOUT is low, it indicates either that ENIN is low, 
therefore the CPU is being denied access to the System Busses or, if ENIN is high, then it indicates that the CPU is using 
the Systern Busses. 

When the CPU has gained access to the System Busses, three signals identify the way in 
which the CPU is using the Data Bus. 

NADS is output to indicate that a valid address has been output on the address lines and 
that the low-order four bjts of the Data Bus contain the high-order four bits of a 16-bit 
address. NADS also indicates that status information is being output on the high-order four bits of the Data Bus. 

NRDS, when output by the CPU, indicates that the CPU wishes to receive data on the Data Bus. 

NWDS, when output by the CPU, indicates that data is being output by the CPU on the Data Bus. NWDS may be 
used by external logic as a write strobe. 

There are three signals which control CPU timing. 

NRST is a system reset signal. When input low. it aborts any in-process operations. When 
returned high, all programmable registers are cleared, and program execution begins with the 
instruction fetched from memory location 0001 10. 

CONT may be Input to stop the CPU between instructions. When CONT is input low, all CPU operations are halted 
after the current instruction execution has been completed. The CPU remains halted until CONT goes high. 

NHOLD is an input signal used during input/output operations to lengthen the allowed time interval for devices 
to respond to CPU access requests. 


SC/MP TIMING 

CONTROL 

SIGNALS 


SC/MP DATA 
BUS DEFINITION 
SIGNALS 


SC/MP TIMING AND INSTRUCTION EXECUTION 


The SC/MP timing for instruction execution is very simple. Instruction execution times are expressed in terms 
of microcycles. A typical instruction is executed in 10 microcycles: one (the first) or more of these microcycles is an in- 
put/output cycle. The length of a microcycle depends on the frequency of the clock inputs to the CPU; with the P- 
channel SC/MP, the minimum microcycle length is 2 microseconds; for SC/MP-II, the N-channel version, minirrium 
microcycle length is 1 microsecond. Thus, typical instruction execution time is 20 microseconds for the P-channel 
SC/MP, and 10 microseconds for SC/MP-II. All microcycles, whether internal machine cycles or input/output cy- 
cles, are of the same length: the only variance occurs when the NHOLD signal is used to stretch an input or out- 
put cycle. 

There are basically only three types of SC/MP machine (or micro) cycles: data input (read) cycjes, data output 
(write) cycles, and internal microcycles. The execution of each instruction is merely a concatenation of these three 
types of microcycles. 

SC/MP does, however, output some status information at the beginning of every input or output 
cycle; this status information provides a more precise definition of the events that will occur dur- 
ing that microcycle. Table 3-1 lists the information which may be output on the Data Bus at the 
beginning of an I/O cycle (when NADS is low). Table 3-2 defines the status information for non-I/O 
cycles. 


SC/MP 
I/O CYCLE 
STATUS 
INFORMATION 
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Table 3-1. Status and Address Output via the Data Lines 
at the Beginning of an I/O Cycle 


SYMBOLS 

DATA BUS 

BIT 

DEFINITION 

H-Flag 

7’ 

Indicates that a Halt instruction has been executed. 

D-Flag 

6 

Indicates that a Delay instruction has been executed and that a 
delay cycle is starting. 

l-Flag 

5'.' 

Indicates that the CF^ is in the fetch cycle for the first byte of an 

instruction. 

R-Flag 

4 

VVhen high, indicates that the I/O cycle is a read cycle and that input 
data should be placed on the Data Bus when NRDS is active. When low, 
indicates that the I/O cycle is a write cycle and that the Data Bus 
will contain output data' when NWDS is active. 

AD15 



AD14 


The four most significant bits of a 16-bit address. 

AD13 

■■ 

Can be used as page select signals. 

ADf2 

0 



Table 3-2. Statuses Output on the Data Bus for 
Various Types of Machine Cycles 


Status 

Information 

Data Bus 

Bit 

TYPE OF MACHINE CYCLE j 

Instruction 

Fetch 

Halt 

Instruction 

Delay 

Instruction 

Data Input 
(Read) 

Data Output 
(Write) 

H-Flag 

7 

P 

‘ \ ' 

0 

0 

0 

D-Flag 

'6 

0 

0 

1 

0 

P 

!-Flag 

5 

1 

1 

0 

0 

0 

R-Flag 

4 

1 

1 

1 

1 

0 


SC/MP BUS ACCESS LOGIC 

Since the SC/MP CPU must gain access to the System Busses before it can perform an input or output cycle, 
we will describe the bus access logic before discussing input/output cycles. 

Figure 3-3 illustrates the bus access logic processing sequence that occurs whenever the SC/MP CPU is going 
to perform an input/output cycle. ' 

First, the bidirectional BREO |ine is tested. If the BREQ input is high, it indicates that the System Bus is currently in 
use: the CPU holds the outputs of the address and data lines, and the NRDS and NWDS signals in tf|e high-impedance 
(tristate) mode. 

When the BREO input signal is low (or goes low) it indicates that the System Bus is free, and the CPU then outputs a 
logic "1" on the BREO line. This informs external devices (for example, other SC/MP CPUs or a DMA controller) that a 
request for bus access has been initiated. 

The CPU next tests the state of the ENIN input line. ENIN is essentially the "bus grant" signal; if it is low, it indicates 
the Bus Request (BREO) is denied and the CPU remains in an idle state with its output held in the high impedance 
mode. When the ENIN input is high (or goes high) it indicates that the CPU’s bus request has been granted and the I/O 
cycle can now be initiated. " 

When the I/O cycle has been completed, the CPU sets the BREQ output low to indicate that it has finished using the 
System Bus and that its outputs are once again in the high impedance mode. 
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Initiate an I/O cycle. 
(Instruction fetch, data 
input, or data output) 


If BREQ input high, bus is busy. Address 
and data lines, and NRDS, NWDS held 
in tristate mode. 


Request bus access. 


If ENIN low, bus access is 
denied until ENIN goes high. 


Figure 3-3. SC/MP Bus Access Logic Processing Sequence 

There are a couple of aspects of the bus access sequence which are not revealed by Figure SUSPENSION 
3-3. OF AN SC/MP 

I/O CYCLE 

First, the SC/MP CPU has the rather unusual capability of suspending an I/O operation after 
it has already begun. If the ENIN input line goes low while the CPU has access to the bus, the 
SC/MP address and data lines will go to the high impedance state, thus relinquishing access to the System Busses. The 
BREQ output signal will remain high and, when the ENIN input line subsequently goes high once more, the in- 
put/output cycle which had been suspended will begin again. 

This ability to suspend an I/O cycle might be quite useful in a system where bus access is granted on a priority basis. In 
such a system, it is conceivable that one or more of the system devices (another CPU, for example) might have overrid- 
ing priorities and require immediate access to the System Busses. The SC/MP bus access logic we've just described 
allows this to be accomplished with no difficulty whatsoever. There is, however, one gray area in this i/O-suspend 
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function. If an SC/MP I/O cycle is nearly complete, it would seem to be more efficient to go ahead and complete the cy- 
cle rather than suspending it and then restarting the entire cycle later. This is precisely what SC/MP does. Unfor,- , 
tunately.. the SC/MP literature does not tell us where this "point-of-no-return” lies within an I/O cycle. One would- 
assume, or at least hope that this point is prior to the time when NRDS or NWDS is sent out. These signals are the read 
and write strobe signals; if they were repeated when an I/O cycle was restarted, the same data might be read or written 
twice — a potentially vexing situation. However, you are at least assured that if ENIN goes low while SC/MP is perform- 
ing an I/O cycle, the cycle will be performed — either by continuing to completion or by being restarted when the 
System Busses are again available. 

If you refer back to Figure 3-3 once again, you will notice that there is no mention of SC/MP ENOUT 
the third SC/MP bus access control signal — ENOUT. This is not an oversight^ — it is SIGNAL USED 

simply due to the fact that the ENOUT signal performs a rather specialized function which TO ESTABLISH 

is not necessary to an understanding of the SC/MP bus access logic. The primary function ACCESS PRIORITIES 
of the ENOUT output signal is as an enabling signal in systems where a "daisy chain" * 

technique is used to establish priorities for bus access. We will defer a discussion of this use of ENOUT until later in 
this chapter when we discuss the use of SC/MP in multiprocessor and DMA systems. 

If the SC/MP CPU is used in a single-processor, non-DMA system then there is no need for the SC/MP I/O 

built-in bus access logic. In these cases, which may in fact be in the majority, the bus access WITH BUS 

signals should be connected so that the SC/MP CPU is always guaranteed immediate access ACCESS LOGIC 
to the System Busses. This is easily accomplished by making the following connections; CONTINUOUSLY 

ENABLED 



SIGNAL 

CONNECT TO 

SC/MP 

BREQ- 

ENIN 

ENOUT 

• VGG through a pull-down resistor. 

vss 

Leave unterminated . ■ 

SC/MP-II 

NBREQ 

NENIN 

NENOUT 

Vcc via external resistor 

Ground 

Leave unterminated 


In the descriptions of SC/MP input/output operations that follow, we will always assume that the SC/MP CPU 
has already been granted access to the System Busses, and that this access is not interrupted (or suspended). 

SC/MP INPUT/OUTPUT OPERATIONS 

Once the SC/MP CPU has control of the System Busses, an actual input or output cycle can begin. As we men- 
tioned earlier in this chapter, the execution of any SC/MP instruction includes some combinations pf input/output cy-' 
cles and internal machine cycles. Figure 3-4 illustrates the bus utilization required for each of the SC/MP instruc- 
tions, and also reveals an interesting, non-obvious fact about SC/MP input/output operations. Observe that each 
bus utilization interval is shown as being two microcycles in duration. This is true because each input/output opera- 
tion effectively requires two microcycles. The CPU spends a portion of the first microcycle gaining access to the 
System Bus and placing address and status information on the address and data lines. The actual data transfer (read or, 
write) occurs during the second microcycle. This can be confusing if you are designing a DMA or multiprocessor 
system: the actual time that the bus is available is a great deal less than you would expect if you based your computa- 
tions solely on the number of read and write cycles required for each instruction. To make this more clear, refer to Table 
3-3, which lists the read cycles, write cycles, and total microcycles required for execution of each SC/MP instruction. If 
you total up each of the columns. from this table, you come up with the following figures: 

Total Read Cycles = 79 

' ^ ^ Total Write Cycles ■ = 3 . ■ 

Total Input/Output Cycles = 82 

Total Microcycles = 466 . 

Based on these figures, it would appear'that bus utilization is less than 20% (82/466). However, since the CPU main- 
tains control of the bus for approxihnately two microcycles each time a read or write cycle is performed, the actual bus 
utilization is quite a bit greater than you would have expected. For precise timing parameters refer to the data sheets at 
the end of this-chapter. Keep in mind that bus utilization computations should be based not only on these data sheets, 
but also on the actual program being-used, since bus utilization is directly related to the corriposition of instructions 
which comprise your program — these calculations can differ significantly from any theoretical calculations based 
solely on a CPU's complete instruction set. 

Now, having discussed those areas of SC/MP bus access and utilization which might be confusing, let us proceed to 
examine the actual data input/output operations — we will find that these SC/MP operations are quite straightforward. 
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Figure 3-4. Bus Utilization of Each SC/MP Instruction 


Table 3-3. SC/MP Instruction Execution Times 



Note: If slow memory is being used, the appropriate delay should be added for each read or write cycle. 
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Figure 3-5 illustrates the timing for a standard SC/MP data input cycle. This tinning applies 
regardless of whether the input cycle is to access data from memory or peripheral devices and 
also applies to instruction fetch operations. 

Once the CPU has gained access to the System Busses, the input cycie begins by presenting address and statuses 
on the address and data iines. When the NADS signal is sent out, the least significant 1 2 bits of address data are valid 
on the SC/MP address lines, and the SC/MP data lines are outputting status information and the most significant 4 bits 
of address information. Table 3-1 defines the information that is output on the data lines while NADS is true. When 
these address bits and/or status bits need to be latched, either the leading or trailing edge of NADS can be used as a 
clock signal. 


SC/MP DATA 
INPUT CYCLE 



Shortly after the trailing edge of NADS, the Data Bus is floated and the Read Data Strobe (NRDS) signal is out- 
put. Valid input data is expected prior to the trailing edge of NRDS. 

The SC/MP data output cycle begins in the same way as the data input cycle. The only 
difference is that immediately after the status/address information is output on the data 
lines, the write or output data is placed on the data lines. As shown in Figure 3-6, the NWDS 
signal is sent out to indicate when valid output data is present. Either the leading or trailing edge 
of NWDS could be used to latch the output data into external data latches. 


SC/MP 

DATA 

OUTPUT 

CYCLE 



Figure 3-6. SC/MP Data Output Cycle 
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The data input/output cycles just described allow approximately one microcycle for exter- SC/MP NHOLD 
nal logic to respond. If additional access time is required, the NHOLD input signal to the CPU SIGNAL FOR 

can be used to lengthen an input/output cycle. The NHOLD signal can be set low any time prior SLOW I/O 

to the trailing edge of NRDS or NWDS as shown in Figure 3-7; this causes the trailing edge of OPERATIONS 
NRDS or NWDS to be delayed until after NHOLD has been returned high. On data input cycles, the 
time until valid input data must be presented is simply delayed. On data output cycles, the valid output data is main- 
tained on the data lines by the CPU until the delayed trailing edge of NWDS. 



The NHOLD signal causes the I/O cycle to be lengthened In Increments of 1/2 microcycle. There is no limit on 
the duration of the NHOLD signal. 


THE SC/MP HALT STATE 

The SC/MP Halt state differs from those described for other microprocessors in this book in one significant and 
unusual way — execution of the SC/MP Halt instruction does not cause the CPU to enter the Halt state. Instead, 
when SC/MP executes a Halt instruction, it simply outputs the H-Flag status on data line 7 (DB7) when NADS is true. 

In order to actually place the CPU in the Halt state the CONT input signal to the CPU must be forced low. 


You can use external logic to force CONT low either in response to the H-Flag or completely asynchronously: whenever 
a low is applied to the CONT input, the CPU enters the Halt state upon cornpletion of the current instruction. Figure 3-8 
shows a circuit that can be used to force the CPU into the Halt state when a Halt instruction is executed. When DB7 is 
output high while NADS is true, it indicates the Halt instruction has been executed: this combination of events is used 
to generate a low-going pulse (NHALT) which is applied to the clear (CLR) input of a D flip-flop. The Q output of the flip- 
flop is applied to the CONT input signal to the CPU. Thus, whenever a Halt instruction is executed, the CPU will be 
forced into the Halt mode. CPU operation is resumed when the start switch SI is momentarily closed to the NO con- 
tacts. This causes a positive-going clock pulse that sets the D flip-flop and returns the CONT input to the CPU high. 



Figure 3-8. Circuit to Cause Programmed Halt for SC/MP CPU 
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While the SC/M P CPU is in the Halt state, the address and data lines are floated. The CPU remains in the Halt 
state until the CONT input is returned high. There is one exception to this rule: if an interrupt request is 
detected while in the Halt state, the CPU responds to the interrupt by executing a single instruction. Thus, you 
could use the first instruction of your interrupt service routine to reset the external CONT input signal, and thereby ter- 
minate the Halt state. 

SC/MP INTERRUPT PROCESSING 

The SENSEA input signal to the SC/MP CPU serves as the interrupt request line if bit 3 of the CPU's Status 
register is set to "1 ". Bit 3 of the Status register is the Interrupt Enable (IE) flag and can be set using the Inter- 
rupt Enable (lEN) instruction. 

When interrupts are enabled, the SENSEA input line is tested at the beginning of every instruction fetch opera- 
tion as shown in Figure 3-9. If SENSEA is high, the IE flag is reset, and the contents of the Program Counter are 
exchanged with the contents of Pointer Register 3. In other words. Pointer Register 3 must contain the beginning 
address of your interrupt service routine. The return address, that is, the address at which program execution must con- 
tinue after the interrupt request has been serviced, is now held in Pointer Register 3. Thus, the return-from-interrupt se- 
quence would be to set the IE flag high and then once again exchange the contents of the Program Counter and Pointer 
Register 3 to resume the main program. 

Let us examine some of the special requirements and limitations of this interrupt processing sequence. First, 
before enabling interrupts you must load Pointer Register 3 (P3) with the beginning address of your interrupt 
service routine. Notice that the contents of P3 should actually be one less than the beginning address of the 
first instruction since the new contents of the Program Counter will be incremented prior to fetching the in- 
struction. 



Figure 3-9. SC/MP Interrupt Instruction Fetch Process 
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Next, if you compare the interrupt response of SC/MP to those of most other microcomputers or to our hy- 
pothetical microcomputer described in Volume I, you will notice that the following two steps are missing: 

1) There is no interrupt acknowledge signal. 

2) None of the SC/MP register contents are saved. 

In an SC/MP system, both of these functions are left up to your interrupt service routine. For example, you might 
provide an interrupt acknowledge indication using one of the CPU Flag outputs or by outputting a specially defined ad- 
dress. If it is necessary to save the contents of the SC/MP registers, this must also be done by your program using a 
software stack or a predefined area of read/write memory. You must also provjde the instructions necessary to restore 
the contents of any "saved" registers since, as we shall discuss next, the return-from-interrupt sequence used by 
SC/MP is also quite primitive. 

The final unusual aspect of the SC/MP interrupt system is that there is no Return-From- 
Interrupt instruction. Instead, as we mentioned earlier, the last instruction of your inter- 
rupt service routine must be an XPPC P3 instruction which restores the original contents 
of the Program Counter by exchanging the contents of PC and P3. This might seem quite 
straightforward, but it will require some special programming considerations. 

The XPPC P3 instruction, which we just mentioned, restores the correct value to the Program Counter — but what 
about P3? Remember that P3 is always supposed to point to the beginning address (minus 1) of your interrupt service 
routine (if interrupts are enabled). Yet, the interrupt response sequence we just described loaded the contents of P3 
into the Program Counter (PC) and then incremented the PC. And, as our interrupt service routine is executed, the con- 
tents of PC will be incremented each time an instruction is executed. Thus, when we complete the interrupt service 
routine and again exchange the contents of PC and P3, we will be loading P3 (our service routine pointer) with a value 
that has been altered. So, the problem is — how do we perform an interrupt service routine and ensure that P3 will con- 
tain the correct pointer value upon completion of the service routine? 

The solution to this quandary requires a closer examination of interrupt service routines. A typical interrupt service 
routine might consist of three primary segments. One segment would be the entry point to the routine and would in- 
clude such things as register save operations: let us call this segment "SI ". The second segment would be the instruc- 
tion sequence which actually services the device vyhich requested the interrupt: we will call this segment "S2". The 
final segment would restore registers and other system elements to their 'pre-interrupt' values, and then return control 
to the main (interrupted) program: we will call this segment "S3". Thus, the entire interrupt recogni- 
tion/response/return sequence might be represented as follows: 

(We will use arbitrary addresses to simplify our discussion.) 


SC/MP RETURN- 

FROM-INTERRUPT 

TECHNIQUE 



ra I Q36f I 


Control is returned to Main Program 
resuming at point of interruption. 





This sequence causes a proper return to the interrupted program but, as we have discussed, does not leave us with our 
desired pointer value (053F in this example) .in P3. The solution requires us to rearrange the segments of our interrupt 
service routine as follows: 



Now, our entry point for the interrupt service routine is still 0540, so we load P3 with a pointer of 053F as' before. 
However, by rearranging the segments and adding a Jump instruction at the end, of the second segment (S2), we can 
have the last instruction of our interrupt service routine located at 053F. When this instruction (XPPC P3) is executed 
the following operation occurs: 

Before 
PC I 053F 

P3 1 0040 

We have now returned control to the main program and we have also restored the contents of P3 to the required 
pointer value to allow servicing of subsequent interrupts. 

One final point: the CPU's interrupt processing sequence resets the Interrupt Enable (IE) flag to zero. To allow 
subsequent interrupts to be serviced, your service routine must set the IE flag to "1". This would typically be the 
next to last instruction of your interrupt service routine. So the sequence of instructions would be: 


After 



lEN SET IE FLAG TO 1 

XPPC P3 RETURN TO MAIN PROGRAM 

FIRST INSTRUCTION OF SERVICE ROUTINE 
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SC/MP DMA AND MULTIPROCESSOR OPERATIONS 

Because the SC/MP CPU is a low-cost low-performance microprocessor, its designers anticipated that it would fre- 
quently be used in systems which include other devices of equal or greater intelligence and processing power. Accor- 
dingly, logic is provided on the CPU which provides a simple yet effective method of operating in systems 
where the System Busses are shared. The logic required to implement a shared-bus system is essentially the same 
regardless of whether the purpose is to allow another device (such as a high-speed peripheral) to perform a DMA opera- 
tion or if it is required because there is more than one CPU operating in the system. There are a few rather subtle 
differences between the techniques used, and we shall point these out as we proceed with our discussion. 

As we have already described, three SC/MP sjgnals are dedicated to bus-sharing ac- 
tivities: BREQ is an input/output signal which serves both as a bus-request and bus-busy 
signal, ENIN is effectively a bus-grant input signal, and ENOUT is an output signal that 
can be used to establish priorities in daisy chained configurations. Let us begin by seeing 
how SC/MP might operate in a system which includes a DMA controller. 

The DMA logic provided by the SC/MP CPU is nearly the inverse of that provided by other rrifcrocomputers in 
this book. Most CPUs assume that they always have control of the System Busses. If another system device requires 
access to the System Busses, it makes a request to a DMA controller which, in turn, inputs a signal to the CPU request- 
ing that the CPU yield control of the busses. When the CPU has no need for the bus, it outputs an acknowledgement 
signal to the DMA controller which then sends a bus-grant signal to the requesting device. The SC/MP CPU, 
however, competes for the System Busses just as any other system device: it never asspmes that it has control 
of the busses. Thus, there are really no special considerations that need be accounted for when designing DMA logic 
for systems that include the SC/MP CPU. The DMA controller can treat the CPU as simply another device (no different 
from a peripheral device, although the CPU might be assignedlo a higher priority) that requires access to the System 
Busses. Therefore, a typical DMA application would onjy require the use of the SC/MP BREQ and ENIN signals as 
shown in Figure 3-10. . " 


SC/MP 

BUS-SHARING 

CONTROL 

SIGNALS 



Figure 3-10. Using SC/MP in a System with Direct Memory Access 
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Now let us look at how the SC/MP bus-sharing logic might be used in a multiprocessor SC/MP IN - 
system. It is in such a system that the CPU's bus-sharing logic can be most appreciated. MULTIPROCESSOR 

First, let us restate the rules which govern the conditions of the SC/MP ENOUT output SYSTEMS 
sjgnal. H 

1) ENOUT is always low while SC/MP is actually using the System Busses; that is, while the ENIN input and 
BREQ output are both high. 

2) When SC/MP is not using the System Busses (either BREQ output or ENIN input low), ENOUT is held in the 
same state as the ENjN input. 

The effect of these rules may not be immediately obvious. To see how they function to simplify bus-sharing, let 
us construct a simple multiprocessor system consisting of two SC/MP CPUs and some memory. 

Vgq(-7V) 



There are three possible situations that can exist with this configuration. 

1) If one of the CPUs is currently using the bus, it is outputting a high on the BREQ line. This automatically prevents 
the other CPU from vying for the bus until the BREu lipe goes low upon completion of the bus access by the first 
CPU. 

2) If neither CPU is currently using the bus, the BREQ line is low. If one of the CPUs requires bus access, it can now 
output a high on the BREQ lirjp. Qnce again, this will prevent the other CPU from subsequently vying for the bus. 

Thus far there would seem to be no need for any control signals except the bidirectional BREQ line. However, it 
is when the third possible situation is encountered that the ENIN and ENOUT signals are needed. 
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3) If both CPUs require bus access at the same time, each will test the BREQ line and, finding it low, will output a high 
on BREQ. This simultaneous occurrence of requests for bus access is resolved by using the ENIN and ENOUT sig- 
nals. The operation of these bus access signals to resolve this situation can be illustrated as follows: 


Q 

lU 

h- 

< 

cc 

o 

0 . 

cc 
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u 

o 

v> 

(/) 

< 

<0 


< 

Q 

< 




SC/MP #1 BUS SC/MP #2 BUS 



When the BREQ line goes high it applies a high input to the ENIN1 input of SC/MP #1. Since BREQ1 is also high at this 
time, SC/MP #1 now has access to the bus and it outputs a low on EN0UT1. This is applied to the ENIN2 input to 
SC/MP #2 and thus denies bus access by SC/MP #2. Notice that SC/MP #2 holds its BREQ2 output signal high even 
though its request has not yet been granted. When SC/MP .#1 has finished its bus access, the BREQ1 output returns 
low. However, since the BREQ2 output is still high, ENIN1 remains high. This condition of BREQ1 low and ENIN1 high 
causes the ENGUTI signal to go high, thus enabling SC/MP. #2. 

This arrangement allows the fjrst CPU in a daisy-chain string to have the highest priority for bus access and also 
automatically allows any other CPU to gain immediate access to the busses whenever they become availabie. 

Now that we have described the way in which the bus-sharing logic of the SC/MP CPU can be 
used in a multiprocessor system, let us continue just a bit further and describe a few more 
common considerations that you must deal With if you are designing a multiprocessor system. 

We will limit this discussion primarily to hardware and control considerations since program- 
ming in a multiprocessor system can become quite complex and is beyond the scope of this 
book. However, the techniques we will describe here are the first step towards simplifying the programming for such a 
system. . . " 

The first operation that you must deal with in any microcomputer system is initialization of the system. This 
operation requires some additional thought when designing a muitiprocessor system. Typically, one CPU will be 
the primary or controlling CPU: how do you ensure that this CPU has control of the system when power is first ap- 
plied? 

Figure 3-1 1 illustrates an easy method of establishing system control upon initialization. The system reset signal 
(NRST), which is generated at power-up, is applied to SC/MP #1. The FLAG1 output from SC/MP #1 is then applied to 
the NRST input of SC/MP #2. Since the FLAG1 line is connected to a bit in the CPU’s Status register which is set to 
zero on power-up, SC/MP #2 will be held in a reset condition until SC/MP #1 executes an instruction which sets that 
bit (and thus, the FLAG1 output line) high. 


SC/MP CONTROL 
TECHNIQUES IN 
MULTIPROCESSOR 
APPLICATIONS 


Of course, this method requires the FLAG1 output from SC/MP #1 to be dedicated to this initialization operation. If this 
is a problem, you could use two separate initialization circuits with, for example, the RC time constant for the SC/MP 
#2 circuitry being greater than that of the circuitry for SC/MP #1. This approach, however, does not provide the posi- 
tive control of the first method we described. 
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Once the multiprocessor system has been initialized and is running, the bus-sharing logic that we've already described 
will resolve contentions between the CPUs as far as access to System Busses is concerned. However, there might be 
situations where we want to assure that one of the CPUs will be guaranteed immediate and extended access to 
the System Busses. This can also be accomplished quite easily with SC/MP as illustrated in Figure 3-12. 



Figure 3-12. Forcing the Halt State in an SC/MP Multiprocessor System 
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In this illustration the FLAG 1 output of SC/MP #2 is inverted and applied to the CONT input of SC/MP #1 . Now, if the 
FI bit in the Status register of SC/MP #2 is set to ”1", SC/MP #1 will be forced into the Halt state and is effectively 
removed from the system until the FI bit is reset under program control. 

THE SC/MP RESET OPERATION 

An NRST low signal input to the SC/MP CPU initializes the microprocessor. While NRST is low, any in-process 
operations are automatically aborted and the CPU's strobes and address and data lines are floated. NRST must be held 
low for a minimum of two microcycles. After NRST goes high again, this is what happens: 

1) All of the programmable registers are cleared. 

2) The first instruction is fetched from memory location 0001 16. 

3) The Bus Request (BREQ) for this first input/output operation occurs within 6-1/2 microcycles after NRST goes high. 

The NRST signal can be used at any time to reset the CPU. and must be used foliowing power-up since SC/MP 
may power up in a random condition. After power has first been applied to the CPU, you should allow approximately 
100 milliseconds for the oscillator and internal clocks to stabilize before applying the NRST signal. 

SC/MP SERIAL INPUT/OUTPUT OPERATIONS 

The SC/MP CPU not only has two of its 40 pins designated primarily for serial input/output operations, it also 
dedicates one instruction from its rather limited instruction set solely to serial I/O. Allocation of this amount of a 
CPU's resources for this purpose would seem unwarranted with most microprocessors; however, keep in mind that 
SC/MP is a very low-cost device and intended primarily for use in slow-speed applications. It is quite likely that SC/MP 
will frequently be used to transfer data serially, so it is therefore not only reasonable but advantageous to provide 
straightforward methods of performing these operations. Let us look now at how this is done with SC/MP. 

In our description of SC/MP's programmable registers, we described the Extension (E) register as an 8-bit register. 

When the E register is used for serial I/O, it is actually a 9-bit register with connections to two of the device 
pins as shown in the figure below. 


SIN 


Extension Output 

Register Latch 




W* £ 


SOUT 


When the SC/MP SIO (Serial Input/Output) instruction is executed, the contents of the Extension register are 
shifted right one bit position: the previous contents of bit 0 are loaded into the output latch and output on the SOUT 
pin, and the level (1 or 0) present at the SIN pin is loaded Into bit 7 of the Extension register. The Extension register can 
be loaded from, and its contents can be transferred to the Accumulator. A typical serial output operation would thus 
consist of: 

1) Loading the Accumulator with the data byte that is to be transmitted. 

2) Transferring the contents of the Accumulator into the Extension register. 

3) Performing eight SlO instructions to shift the contents of the Extension register into the output latch and out onto 
the SOUT pin. 

Of course, this sequence does not cover all the programming requirements for serial data transfers. For example, your 
program must provide some method of timing the bit transmission. This is easily accomplished with SC/MP by using 
the Delay (DLY) instruction, which can generate variable time delays ranging from 13 to 131,593 microcycles. For 
asynchronous operations, one of the SC/MP Flags which are connected to device pins can be pulsed each time a new 
bit is shifted out (or in) and one of the sense conditions inputs (SENSEA or SENSEB) can be tested to detect bit 
received/ready. 
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THE SC/MP INSTRUCTION SET 

Table 3-4 lists the SC/MP instruction set. 

Memory reference instructions are shown as having either full or limited addressing capability. Full addressing 
capability is identified in the operand as follows: 

't DISP (X) ■ 


If present, X stands for P1, P2 or P3, and indexed 
addressing is specified 

Must always be present. Specifies a program 
relative displacement. 

If present, sp>ecifies auto-increment or auto- 
decrement addressing. 

Thus, the real options associated with full addressing capability are: 

DISP Direct, program relative addressing 

DISP(X) Direct, indexed addressing 

@DISP(X) Auto-increment or auto-decrement addressing 

Limited addressing capabilities do not include the auto-increment and auto-decrement feature. The operand field for 
instructions with limited addressing capability is shown as follows: 

DISP (X) 


If present, X stands for PI, P2 or P3 and indexed 
addressing is specified 

Must always be present. Specifies a program 
relative displacement. 

The serial I/O instruction inputs serial data via the high-order bit of the Extension register, and/or outputs serial data via 
the low-order bit of the Extension register. . ' 

The serial I/O instruction works as a one-bit right shift of the Extension register contents, with bit 0 being shifted to the 
SOUT pin and the SIN pin being shifted into bit 7. This has been illustrated along with the logic description. 

It is worth noting that SC/MP has no Jump-to-Subroutine instruction; rather, the XPPC instruction is used to exchange 
the contents of the Program Counter with the contents of a Pointer register. In very simple applications (and those are 
the applications for which SC/MP is intended) this is a very effective scheme. Providing subroutines are not nested, a 
subroutine's beginning address may be stored in a Pointer register, then execution of XPPC moves the subroutine's 
starting address to the Program Counter, thereby executing the subroutine — but at the same time, the Program 
Counter contents are stored in the Pointer register, thus preserving the return address. At the conclusion of the 
subroutine, execution of another XPPC instruction is all that is needed to return from the subroutine. The only penalty 
paid is that one Pointer register is out of service while the subroutine is being executed. If all Pointer registers are 
needed by the subroutine, or if subroutines are nested, then the return address which is stored in the Pointer register 
must be saved in memory. In these more complicated applications, one of the Pointer registers will probably be used as 
a Stack Pointer, and addresses will be saved on the Stack. 

This type of subroutine access, while it may appear primitive to a minicomputer programmer, is very effective in simple 
microcomputer applications. 

The following symbols are used in Table 3-4. 

AC Accumulator 

C Carry status 

DATA An 8-bit binary data unit 

DISP An 8-bit signed binary displacement 

E The Extension register 
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EA 


E<i> 

IE 

0 

PC 

X 

SIN 

SOUT 

SR 

Z 

@ 

X<y,z> 

@DISP(X) 


© 


[ ] 


[[ ]] 

A 

V 

■V 


Effective address, determined by the instruction. Options are: 

DISP EA is [PC] + DISP 
DISP(X) EAis[X] + DISP 
@DISP(X) EA is [X] if DISP ^0, 

EA is [X] + DISP if DISP < 0; 

in both cases [Xl'^LX] + DISP after EA is calculated. 

The ith bit of the Extension register 

Interrupt Enable 

Overflow status 

Program Counter 

One of the three Pointer registers 

Serial Input pin 

Serial Output pin 

Status register 

Zero status 

Auto-increment flag 

Bits y through z of a Pointer register. For example, P3<7,0> represents the low-order byte of Pointer 
register P3. 

This designates the available addressing modes for the SC/MP, as described above. In all three of the ad- 
dressing modes, if -128 is specified for DISP, the contents of the Extension register are used instead of 
DISP. 

Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, 
then the designated register's contents are specified. If a memory address is enclosed within the 
brackets, then the contents of the addressed memory location are specified. 

Implied memory addressing; the contents of the memory location designated by the contents of a 
register. 

Logical AND 
Logical OR 
Logical Exclusive-OR 

Data is transferred in the direction of the arrow. 


► Data is exchanged between the two locations designated on either side of the arrow. 

Under the heading of STATUSES in Table 3-4, an X indicates statuses which are modified in the course of the instruc- 
tion's execution. If there is no X, it means that the status maintains the value it had before the instruction was ex- 
ecuted. 
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Table 3-4. SC/MP Instruction Set Summary 








STATUSES 


TYPE 

MNEMONIC 

OPERAND(S) 




OPERATION PERFORMED 


c 

o 










SIO 


1 







[E<i-1 >]— [E<i>] 

SOUT ^ [EO] 

O 










[E7]— SIN 











Shift the Extension register right one bit. Shift bit 0 of the Extension register to the output pin 

SOUT. Shift the data at input pin SIN into bit 7 of the Extension register. 

XL. 

XU 

LD 

@ DISP(X) 

2 







[ACl — [EA] 











Load Accumulator from addressed memory location. 

S o Q 

ST 

@ DISP(X) 

2 







[EA]*-[AC] 

£ 5 < 

s 










Stor6 Accumulator contents in addressed memory location. 


ADD 

@ DISP(X) 

2 

X 

X 





[AC] — [AC]+ [EA]+ [C] 

lU 










Add binary to Accumulator the addressed memory location's contents with Carry. 

z 

DAD 

@ DISP(X) 

2 

X 






[ACl — [AC]+ [EA]+ [Cl 

oe uj 
uj {r 

UJ < 

OC K 

UJ 

CAD 

@ DISPIX) 

2 

X 

X 





Add decimal to Accumulator the addressed memory location's contents with Carry. 

[AC1—LAC1+ [EA]+ [Cl 

Add complement of addressed memory location's contents with Carry to Accumulator. 

go 

AND 

@ OISP(X) 

2 







[ACl-EACl A [EAl 

n >* 
z oe 










AND Accumulator with addressed memory location's contents. 

u o 

OR 

@ DISPtX) 



m 

■ 

m 

■ 

■ 

[AC]— [AClV [EA] 











OR Accumulator with addressed memory location's contents. 

< ^ 

XOR 

@ DISP(X) 



H 

H 

H 

1 

1 

[AC]— [AC]V [EA] 

if 










Exclusive-OR Accumulator with addressed memory location's contents. 

o < 
o 

ILD 

@ DlSPtX) 




H 


1 

1 

[EA]— [EA] + 1: [AC]— [EA] 

UJ 

w 

OLD 

@ DISP(X) 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Increment addressed memory location's contents,then load into Accumulator. 

[EA]— [EA]-1; [AC] — [EA] 




■■ 

■ 

B 

■ 

B 

■ 

■ 

Decrement addressed memory location's contents, then load into Accumulator. 

s 

Q 

LDI 

DATA 

■ 

1 

1 

1 

1 

1 

1 

[AC]— DATA 

s 

z 




■ 

■ 

■ 

■ 

1 

■ 

Load immediate into Accumulator, 


ADI 

DATA 


B 

B 

■ 

■ 

■ 

■ 

[AC]-[AC] + DATA+ [C] 






H 





Add binary immediate. Add Carry to resuit. 

ce 

UJ 

DAI 

DATA 


D 

■ 

^B 


1 

1 

[ACl- [AC] + DATA+ [C] 

Ol 

o 





■ 





Decimal add immediate. Add Carry to result. 

UJ 

CAI 

DATA 



D 





[AC] — [AC] + DATA+ [C]‘ 

< 




H 

H 

■ 


■ 

■ 

Add the contents of the Accumulator to the complement of the immediate data vaiue. Add Car- 

o 

UJ 






■ 




ry to result. 

z 

AM 

DATA 








[AC]— [AC] A DATA 




■ 

■ 

■ 

1 

■ 

■ 

■ 

AND immediate. 
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tion Set Summary (Continued) 


OPERATION PERFORMED 


[AC]— [AC] V DATA 
OR immediate. 

[AC] — [AC] V DATA 
Exclusive-OR immediate. 


[PC]— EA 

Unconditional jump to effective address. 

If [AC] 2=0: [PC] — EA 

If the Accumulator contents are greater than 0, jump to effective address. 

If [AC] =0; [PC] — EA 

If the Accumulator contents equal 0, jdmp to effective address. 

If [AC] =0; [PC] — EA 

If the Accumulator contents are not 0. jump to effective address. 

[AC]-[E] 

Load the contents of the Extension register into the Accumulator. 

[AC]— — [X<7,0>] 

Exchange the contents of the Accumulator with the low order byte of the specified Pointer 
register. 

[AC]' •[X<:i5,8>] 

Exchange the contents of the Accumulator with the high order byte of the specified Pointer 
register. 

[PC]' '[X] 

Exchange the contents of the Program Counter with those of the specified Pointer register. 
[AC]' '[E] 

Exchange the contents of the Accumulator with those of the Extension register. 


[AC] — [AC]+ [E]+ [C] 

Add binary the contents of the Accumulator and the contents of the Extension register. Add Ca- 
ny to this result. 

[AC]— [AC]+ [E]+ [C] 

Add decimal the contents of the Extension register to those of the Accumulator. Add Carry to 
this result. 

[AC]— [AC]+ [E]+ [C] 

Add binary the contents of the Accumulator and the complement of the Extension register con- 
tents. Add Carry to this result. 

[AC]— [AC] A [E] 

AND the contents of the Accumulator with those of the Extension register. . 
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Table 3-4. SC/MP Instruction Set Surnnhary (Continued) 


OPERAND(S) 


OPERATION PERFORMED 


CC |CC,UJ S 

S ols 2 

uj uiijb S 

CC K'O O 

o 


ORE 

XRE 


[AC]— [AC] V [El 

OR the contents of the Accumulator with those of the Extension register. 

[AC]— [AC]¥ [E] 

Exclusive-OR the contents of the Accumulator with those of the Extension register. 


RRL 


Shift Accumulator contents right one bit. The high order bit becomes a 0. The low order bit is 
lost. 


0-HZ; 


Shift Accumulator contents right one bit. The Carry bit is shifted into the high order bit of the 
Accumulator. The low order bit is lost. 


Rotate Accumulator contents right one bit. Rotate the low order bit of the Accumulator into the 
high order bit. 






Rotate Accumulator contents right through Carry. 


DINT 

lEN 


[IEl-0 

Disable interrupts. 
[IE]-r 
Enable interrupts. 


CCL 

SCL 

CSA 

CAS 


[Cl-0 
Dear Carry. 

[c]*-i 

Set Carry. 

[AC]— [SR] 

Load the contents of the Status register into the Accumulator. 
[SR] — [AC] 

Load the contents of the Accumulator into the Status register. 


HALT 

NOP 

DLY 


Pulse the H-Flag 
No Operation. 

Delays CPU for a number of cycles equal to: 
13 + 2(AC) + 2DATA + 29 dATA 
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The following symbols are used in Table 3-5: 

aa Two binary digits designating the Pointer register: 

00 Program Counter 

01 Pointer Register 1 

10 Pointer Register 2 

1 1 Pointer Register 3 

m One binary digit specifying address mode: 

0 Program Relative or Indexed ; 

1 Immediate or Auto-increment or Auto-decrement 

PP Two hexadecimal digits representing an 8-bit, signed displacement 

QQ Two hexadecimal digits representing 8 bits of immediate data 

Where two numbers are given — for example, 9/1 1 , the first is execution time when no jump is taken: the second is ex- 
ecution time when there is a jump. 

Table 3-5. SC/MP Instruction Set Object Codes and Execution Times 


INSTRUCTION 

OBJECT 

CODE 

BYTES 

MACHINE 

CYCLES 

ADD @DISP(X) 

UllOmaa 

2 

19 


PP 



ADE 

70 

1 

7 

ADI DATA 

F4 




QQ 



AND @DISP(X) 

1 lOIOmaa 

2 

18 


PP 



ANE 

50 

1 

6 

ANI DATA 

04 

2 

10. 


QQ 



CAD DISWX) 

11111maa 

2 

20 


PP 



CAE 

78 

1 

8 

CAI DATA 

FC 

2 

12 


QQ 



CAS 

07 

1 

6 

CCL 

02 

1 

5 

CSA 

06 

1 

5 , 

DAD @DISP(X) 

1 1 lOlmaa 

2 

23 

DAE 

68 

1 

11 

DAI DATA 

EC 

2 

15 


QQ 



DINT 

04 

1 

6 

DLY DATA 

101110aa 

2 

22 


PP 



DLY DISP 

4F 

2 

13-131, 593* 


PP 



HALT 

00 

1 

8 

lEN 

05 

1 

6 

ILD DlSFtX) 

lOIOIOaa 

2 

22 


PP 



JMP DISP(X) 

100CXX)aa 

2 

11 


PP 




•Delay time depends on the value of DATA. 


INSTRUCTION 

OBJECT 

CODE 

BYTES 

MACHINE 

CYCLES 

JNZ DISPfX) 

10001 laa 

PP 

2 

9/11 

JP DISPIX) 

lOOOOIaa 

PP 

2 

9/11 

JZ DISPfX) 

lOOOIOaa 

PP 

2 

9/11 

LD @piSP(X) 

1 lOOOmaa 

PP 

2 

18 

LDE 

40 

1 

6 , 

LDI DATA 

O o 
O 

2 

10 . 

NOP 

08 

1 

5-10. 

DR @DISP(X) 

llOllmaa 

PP 

2 

18 

ORE 

58 

1 

6 

ORI DATA 

DC 

QQ 

2 

10 

RR 

IE 

1 

5 

RRL 

IF 

1 

5 

SCL 

03 

1 

5 

SIO 

19 

1 

5 

SR- 

1C 

. 1 

5 

SRL 

ID 

1 

5 

ST @DISP(X) 

1 1001 maa 

PP 

2 

18 

XAE . 

01 

1 

7 

XOR ®DISP(X) 

1 1 lOOmaa 

PP 

2 

18 

XPAH X 

OOllOlaa 

1 

8 

XPAL X 

OOllOOaa 

1 

8 

XPPC X 

001 11 laa 

1 

7 

XRE 

60 

1 

6 

XRI DATA 

E4 

QQ 

2 

10 
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THE BENCHMARK PROGRAM 

For SC/MP, the benchmark program looks like this: 


LD 

TABLE(P3) 

LOAD HIGH BYTE OF FIRST FREE TABLE BYTE 

XPAH 

PI 

ADDRESS MOVE TO PR1 HIGH-ORDER BYTE 

LD 

TABLE-f1(P3) 

REPEAT FOR LOW-ORDER BYTE 

XPAL. 

PI 


LDI 

lOHI 

LOAD HIGH BYTE OF I/O BUFFER BASE ADDRESS 

XPAH 

P2 

MOVE TO PR2 HIGH-ORDER BYTE 

LDI 

lOLO 

REPEAT FOR LOW-ORDER BYTE 

XPAL 

P2 


LOOP LD 

@0(P2) 

LOAD NEXT BYTE FROM I/O BUFFER 



AUTO-INCREMENT 

ST 

@0(P1) 

STORE IN NEXT FREE TABLE BYTE 

DLD 

IOCNT(P3) 

DECREMENT I/O BUFFER COUNT AND LOAD 

JNZ 

LOOP 

RETURN TO LOOP IF NOT ZERO 

XPAL 

PI 

LOAD LOW-ORDER TABLE ADDRESS INTO A 

ST 

TABLE-PI (P3) 

SAVE IN FIRST FREE TABLE BYTE ADDRESS 


The SC/MP benchmark program makes the following assumptions. 

The address of the first free table byte is not stored at the beginning of the table; rather, it is stored in two bytes of a 
data area, addressed by Pointer Register 3, plus a displacement. The addresses of these two bytes are given by the dis- 
placement TABLE and TABLE+1. 

It is assumed that TABLE begins at a memory address with Os for the low order eight binary digits (as for the F8 
benchmark program); therefore, the contents of the data area byte with address TABLE-HI (PC3) becomes the displace- 
ment to the first free byte of TABLE. Assuming that TABLE has a maximum length of 256 bytes, it is only necessary at 
the end of the data move operation to store a new byte address into TABLE-PI, in order to update the address of the 
first free table byte. This scheme is illustrated below. 

The I/O buffer beginning address is stored in two immediate instructions, which load the two halves of the I/O buffer 
beginning address into the Accumulator; each half is then exchanged into a Pointer register. 

The SC/MP benchmark program assumptions may be illustrated as follows; 
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SUPPORT DEVICES FOR THE SC/MP CPU 

3C/MP support devices are general-purpose and are therefore 'described in Volume III. You may also use stan- 
dard off-the-shelf buffers, bidirectional drivers, RAM and ROM to implement any supporting functions needed. 
Figure 3-13 illustrates an SC/MP system and the type of supporting devices that might be needed. Notice that 
the buffers, latches and I/O ports are all indicated by dotted lines. We have done this because it is quite feasible that 
some SC/MP systems might consist only of the CPU and a small amount of memory. In such a system, there would not 
necessahly be any need for buffering the SC/MP input/output lines, nor demultiplexing status and page-select bits 
from the Data Bus. Many systems, however, will require some of the supporting devices indicated by Figure 3-1 3. In the 
remainder of this chapter we will briefly describe how some of the commonly required support functions for SC/MP can 
be implemented using both standard off-the-shelf devices and devices from other microcomputer families. 



Figure 3-13. An SC/MP System Showing Typical Support Devices that may be Required 


As we mentioned earlier, the SC/MP output lines cari each drive one TTL load. Some systems, 
especially those which utilize low-power external devices, may not require any buffering. When 
buffering is needed, it can be provided using standard logic devices. The only area that re- 
quires any special attention is when you are buffering the data lines: since these lines are 
used both for input and output of dUta, you must provide bidirectional control of these buffering devices. Figure 
3-14 shows one easy method of implementing bidirectional buffers for the SC/MP data lines using 8216 bidirec- 
tional bus drivers. (The 8216 is a support device from the 8080 family and is described in Chapter 4.) The SC/MP 
NRDS signal is inverted and used to provide directional control of the buffers. When the SC/MP is performing a read 
operation, NRDS is output low: this causes the contents of the system Data Bus to be gated through the buffers and 
onto the SC/MP data lines. At all other times, NRDS is high and whatever is on the SC/MP data lines is passed onto the 
system Data Bus. 


BUFFERING 

SC/MP 

BUSSES 
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If you need to, lisp tKe four most significant address bits (ADI 2 - ADI 5) for page 
select functions or. if you are going to make use of the I/O cycle status information 
that SC/MP outplits/ ybu must demultiplex this information from the SC/MP data 
lines. The most straightforward way of doing this is to use D-type flip-flops or data 
registers with the SC/MP NADS signal as the clock pulse. Here are some standard 7400 family devices that might 
be used: ■ , 

- 7475 Double 2-Bit Gated Latches with Q and Q Outputs 

- 7477 Double 2-Bit Gated Latches with Q Output Only 

- 74100 Double 4-Bit Gated Latches 

- 74166 Dual 4-Bit Gated Latches with Clear 

- 74174 Hex D-Tybe Flip-Flops with Common Clock and Clear 

- 74175 Ouad D-Type Flip-Flops with Common Clock and Clear 

Some of these devices require that the NADS signal be inverted to provide the necessary clocking signal. Remember, 
though, that the SC/MP address and status information is valid during both the leading edge (high-to-low transition) 
and trailing edge (low-to-high transition) of NADS: this generally simplifies the demultiplexing operation. 

Another method of demultiplexing the address bits from the data lines is to use address decoding devices that 
are clocked by the NADS signal and provide latched outputs. These latched outputs can then be used as the 
page select signals (or device select signals) during I/O cycles. 


DEMULTIPLEXING 
THE SC/MP 
DATA BUS 
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USING OTHER MICROCOMPUTER SUPPORT 
DEVICES WITH THE SC/MP CPU 


There is nothing to prevent SC/MP from using silpport devices from other microcomputer "famiiies". We have 
alreac^y shown one simple example — the use of 8216 bidirectional bus dfivers to buffer the SC/MP data liries. 
The SC/MP CPU provides numerous control signals which allow general-purpose microcomputer support 
devices to be included in an SC/MP system. We will now describe a couple of specific examples of how this can 
be done — these examples will serve as guidelines for interfacing SC/MP to other support devices. 


The Microprocessor Interface Latch Element (MILE) is a support device from t)ie PACE 
microcomputer family arid is described in detail in Volume III. The MILE cari be used to pro- 
vide an 8-bit, bidirectional I/O port in an SC/MP system as shown in the figure below. 



Datd to/from 
external logic 


External logic must 
generate these control signals 


THE PACE 
MILE USED 
iN AN SC/MP 
SYSTEM 


The chip select (CS) signal must be derived from the Address Bus and could consist of a single address line, a page 
seleot signal, or the output of address decoding logic. Remember that the SC/MP CPU does not differentiate between 
memory and I/O devices: it treats the MILE simply as a memory location. 

Directional control of th e MILE is provided by the SC/MP read strobe (NRDS) and write strobe. (NWDS) signals. NRDS is 
connected to the MILE'S D0UT2 Input signal: when NRDS and CS are both low. the contents of the MILE’S data latches 
are g ated out onto the|SC/MP data lines for input to the CPU. The SC/MP NWDS signal is connected to the MILE'S 
DIN2 input: when NWDS and CS are both low, the data output on the SC/MP data lines is latched into the MiLE. 

In the figure above, the MILE's DIN1 and DOUT1 signals are continuously enabled by connecting them to -f 5V. 
An alternate method of using these two signais would be to connect them to addre^b lines in order to simplify 
the address decoding requirements of the SC/MP system as shown in the figure below. 

In this example, data transfers between the MILE and SC/MP are enabled when address bit 1 1 (AD1 1) is a zero 
and AD10 is a one. This figure also shows the two handshaking signals (STD and STP) provided by the MILE. 
These signals can be applied to the SENSEA or SENSES inputs to SC/MP to impiement simple I/O handshaking 
schemes. 
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DOUT2 POUT 
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Data to/from 
external logic 


External logic must generate 
these control signals 
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The 8212 I/O port from the 8080A microcomputer family is a device sllnilar to the 
MiLE: the only difference is that while the MILE can operate bidirectiondlly, the 8212 is 
unidirectional. The signal connections required to use the 8212 with SC/MP are quite sim- 
Pie: 


THE 8212 
i/0 PORT 
USED iN 
SC/MP 
SYSTEMS 



The connections shown here use the 8212 as an Input port with handshaking logic provided. When the external 
logic latches data into the 821 2 using the STB signal, the INT signal goes low: this signal can be applied to the SC/MP 
SENSEA or SENSEB input to inform the CPU that input data is ready. SC/MP would then execute.a service routine pro- 
gram that would include an instruction to read data from the input port. This instruction would send out the input 
port's address, thus generating the DS2 signal, and then gate the latched data onto the CPU data lines when the NRDS 
signal is generated. When the latched data is read out of the 821 2, the INT signal returns high to complete the transac- 
tion. This sequence is summarized by the following timing diagram: 
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Using the 8212 as an output port in an SC/MP system requires a simple reversal of the 
connections we described in the preceding example. 



< 

o 

< 


THE 8212 USED 
AS AN OUTPUT 
PORT IN AN 
SC/MP SYSTEM 



With this arrangement, data from the CPU will be loaded into the 8212 latches when the required address is generated 
to apply a high to DS2 and SC/MP outputs the NWDS strobe signal. Data that is latched into the 8212 is immediately 
gated out onto DOO - D07 and presented to external logic. 

We will conclude our discussion of support devices that may be used with SC/MP with the following observa- 
tion. The MILE and 8212 devices, which we have used as examples, are both relatively simple support devices. 
However, more complex general-purpose support devices are usually no more difficult to interface to an SC/MP 
CPU. In fact, the interface is often simpler, from a hardware point of view, because such things as mode control 
are handled by software. 
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DATA SHEETS 


This section contains specific electrical and timing data for both the SC/MP and SC/MP II (INS8060). 
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SC/MP 


applications 


absolute maximum ratings 


Test Systems and Instrumentation 
Machine Tool Control 
Small Business Machines 
Word Processing Systems 
Educational Systems 
Multiprocessor Systems 


Process Controllers 
Terminals 
Traffic Controls 
Laboratory Controllers 
Sophisticated Games 
Automotive 


Voltage at Any Pin Vss + 0.3V to Vss - 20V 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics (Ta = o°c to +70° c, vss = +5v ± 5%, vqg = -7 v ± 5%) 


Min. I Typ.* I Max. 


INPUT SPECIFICATIONS 


ENIN, NHOLD, NRST, SENSE A, 
SENSE B, SIN, DB0-DB7 
(TTL Compatible) (Note 2) 

Logic "1” Input Voltage 


Logic "0" Input Voltage 


Pullup Transistor "ON" Resistance 
(Note 2) 


Logic "0" Input Current 


BREQ(Note3) 

Logic "1" Input Voltage 


Logic "0" Input Voltage 


XI, X2 (Note 4) 

Logic "1" Input Voltage 


Logic "0" Input Voltage 


Logic "1” Input Current 


Logic "0" Input Current 


Input Capacitance 

(All pins except Vqq arid Vss) 


Supply Current 

IqG / See Typical Plot of \ 
Iss I Normalized Iqq [and 1 

I Issl Versus Ambient ) 

\Temperature on page 6. / 


OUTPUT SPECIFICATIONS 


BREQ(Note 3) 

Logic "1" Output Current 


Logic "0" Output Current 


External Load Capacitance 


All Other Outputs 

Logic "1" Output Voltage 


Logic "0" Output Voltage 


Logic "0" Output Current 


Logic "0" Output Voltage 



Ta = 0 C, loads on all outputs 
•sink = 1.6mA 
i See diagram. Simulated \ 
^Current Load, on page 6./ 


VOUT = (Vss - 1)V 


vgg < VquT V ss 


IquT = -80pA 
IquT = -200/iiA 


■out = 1.6mA 


VOUT = -0.5V 


■out = 0mA (unloaded) 



-3.0 -0.7 


TTypical parameters correspond to nominal supply voltage at 25°C. 


Data sheets on pages 3-D2 through 3-D1 1 reproduced by permission of National Semiconductor Corporation. 
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SC/MP 

electrical characteristics (Ta = to + 70 °c, vss = + 5 v ± 5 %, vgg = - 7 v ± 5%) (continued) 
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Parameter 

Conditions 

Min. 

Typ.* 

Max. 

Units 

TIMING SPECIFICATIONS (Note 5) 

Tx (Notes 4 and 6) 


1.0 


10.0 


820pF ± 10% across XI & X2 

1.0 


4.0 

MS 

^res 

crystal with equivalent series 
resistance < 60012 

900 


1000 

kHz 

Address and Input/Output Status 
(See figures 5 and 6.) 

Tdi (ADS) 


(3Tx/2) - 150 

3Tx/2 

(3Tx/2) + 200 

ns 

Tw (ADS) 


(Tx/2) - 250 



ns 

Ts(ADDR) 


(Tx/2) - 300 



ns 

Th (ADDR) 


30 

50 


ns 

Ts (STAT) 


(Tx/2) - 300 



ns 

Th (STAT) 


30 

50 


ns 

Data Input Cycle (See figure 5.) 

Td(RDS) 


-80 

-50 


ns 

Tw (RDS) 


(3Tx/2) - 400 



ns 

Ts (RD) 


300 



ns 

Th (RD) 


0 



ns 

TaCC (RD) 


2Tx - 400 



ns 

Data Output Cycle (See figure 6.) 

Td (WDS) 


Tx - 250 



ns 

Tw (WDS) 


Tx - 250 



ns 

Ts (WD) 


(Tx/2) - 300 



ns 

Th (WD) 


60 

100 


ns 

Input/Output Cycle Extend 
(See figure 7.) 

Ts(HOLD) 


300 



ns 

Tdi (HOLD) 

1 

1 



300 

ns 

Td2 (HOLD) 




500 

ns 

Tw (HOLD) 




00 

ns 

Bus Access (See figure 4.) 

Td (ENOUT) 




300 

ns 

Td2 (ADS) 


(Tx/2) - 350 


Tx + 500 

ns 

OUTPUT LOAD CAPACITANCE 

External Load Capacitance 




75 

pF 


Note 1 : Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits Is not Intended and 
should be limited to those conditions specified under electrical characteristics. 

Note 2: Pullup transistors provided on chip for TTL compatibility. 

Note 3: BREQ is an input/output signal that requires an external resistor to Vqq or ground. 

Note 4: Xi and X 2 are master timing inputs that are normally connected to a 1-megahertz crystal or an external capacitor to control the frequency 
of the on-chip oscillator. 

A hermetically sealed quartz crystal is recommended. The crystal must be a series-resonant type and its equivalent series resistance must not exceed 
600 ohms. Suppression of third harmonic oscillations may be required depending on the characteristics of the crystal. Typically, a 500- picofarad 
capacitor across pin Xi or X 2 and an AC ground minimizes third harmonic effects. 

If use of an external oscillator is desired, the circuit shown in figure 3 or an equivalent may be used. 

Note 5: All times measured from valid Logic "0" or Logic "1" level. 

Note 6: T^ is the time period for one clock cycle of the on<hip or external oscillator. Refer to paragraph titled Timing Control for detailed 
definition. 

•Typical parameters correspond to nominal supply voltage at 25° C. 


3-D3 














SC/MP 

DRIVERS AND RECEIVERS 

Equivalent circuits for SC/MP drivers and receivers are 
shown below. All inputs have static charge protection 
circuits consisting of an RC filter and voltage clamp. 
These devices still should be handled with care, as the 
protection circuits can be destroyed by excessive static 
, charge. 


RECEIVER DRIVER 



□ 



SC/MP Driver and Receiver Equivalent Circuits 


SUPPLY CURRENT DATA 

Below are the two diagrams referenced from the para- 
metric specification for the supply current, page 2. 


TO SC/MP - 

ISINI 

( = 1.6n^ 

1^ 

1 Vl(+) 

1 ^ ^ ^1 

OUTPUT 

-Cl ■: 
-75pF*i 

L 

• PI PI PI 


•INCLUDES JIG CAPACITANCE. 

Simulated Current Load 



AMBIENT TEMPERATURE I’ Cl 


TYPICAL PLOT OF NORMALIZED IGG (AND 1$$) 
VERSUS AMBIENT TEMPERATURE 
DC POWER ■Igg Vgb*ISS-VsS 



Note 1: ENOUT goes high to indicate that SC/MP was granted access to bus (ENIN high) but is not using bus. 

Note 2: ENOUT goes low in response to low ENIN input. 

Note 3: SC/MP generates bus request; bus access not granted because ENIN low. 

Note 4: ENIN goes high. Bus access now granted and input/output cycle actually initiated. If ENIN is set low while SC/MP 
has access to the bus, the address and data ports will go to the high-impedance (TRI-STATE®) state, but BREQ will remain 
high. When ENIN is subsequently set high, the input/output cycle will begin again. 

Note 5: I/O cycle completed. ENOUT goes high to indicate that SC/MP granted access to bus but not using bus. If ENIN had 
been set low before completion of input/output cycle, ENOUT would have remained low. 

Note 6: ENOUT goes low to indicate that system busses are available for use by highest-priority requestor. 

FIGURE 4. Bus Access Control 
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SC/MP 






NADS 

— A 

I'^TslAOORI 1 


II 1 

II 1 

ADDRESS VALID 



Ts'(STAT) •> 

■1 -H 1 

-♦Th (ST ATI 

, 

[-♦Th (ADOR) 

DB7 DB0 

1 ADDRESS 

1 AND STATUS 


0^/ DATA 

VALID 


1 -H 

|<«Td IRDS) 

1 -^1 

■^Th(RO) 


1 

"\ 



-tacc(RD)- 


■J-^Ts(ROI^| 


-Tw(RDSI- 


Note: Timing is valid when ENIN is wired high or is set high before BREQ is set high by SC/MP; see figure 4 for NADS 
timing when ENIN is set high after BREQ. 


FIGURE 5. SC/MP Data Input Timing 



To (WOS) -I- (WDSI 


FIGURE 6. SC/MP Data Output Timing 
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SC/MP AND INS8060-SC/MP II 


/ 


\ 




-TD2(H0LD)- 


l-♦Tw(HOlD)-►l I 

■ I 



\ 




NRDS/ 

NWOS 


Note: Dashed trailing edge of NRDS/NWDS indicates normal strobe timing when NHOLD is not active. 

FIGURE 7. Extended Input/Output Timing 


Applications 


Absolute Maximum Ratings (Note d 


Voltage at Any Pin -0.5V to +7. OV 

Operating Temperature Range 0 C to +70°C 

Storage Temperature Range -65 C to +150 C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics(TA = o^c to + 7 o°c, vcc = + 5 v ± 5%) 


■ Test Systems and Instrumentation 

■ Machine Tool Control 

■ Small Business Machines 

■ Word Processing Systems 
• Educational Systems 

■ Multiprocessor Systems 


Process Controllers 
Terminals • 
Traffic Controls 
Laboratory Controllers 
Sophisticated Games 
Automotive 


Parameter 

Conditions 

Min. 

Max. 

Units 

INPUT SPECIFICATIONS 

All Input Pins Except Vqc and GND 
Logic "1" Input Voltage 


2.0 

Vcc 

V 

Logic "0" Input Voltage 


-0.5 

0.8 

V 

Input Capacitance 

(All pins except Vcc and GND) 



10 

pF 

Supply Current 

'cc 

Ta = 25°C 
outputs unloaded 


45 

mA 


Ta = 0°C 
outputs unloaded 


50 

mA 

OUTPUT SPECIFICATIONS j 

“TRI-STATE®" Pins (NWDS, NRDS, 
DB0-DB7, AD00-AD11) 

Logic "1" Output Voltage 

'OUT = -100/uA 

2.4 


V 

Logic "0" Output Voltage 

'OUT = 2.0mA 


0.4 

V 

NADS, FLAG 0 - 2, SOUT, NENOUT 
Logic "1" Output Voltage 

'OUT = -IOOaA 

Vcc - 1 


V 

Logic "1" Output Voltage 

'out = -ImA 

1.5 


V 

Logic "0" Output Voltage 

'out = 2.0mA 


0.4. 

. V 

NBREQ (Note 2) 

Logic "0" Output Voltage 

lOUT = 2.0mA 


0.4 

V 

Logic "1" Output Current 

0 < VouT < Vcc 


±10 

HA 

XOUT 

Logic "1" Output Voltage 

'OUT = -lOOjuA 

2.4 


V 

Logic "0" Output Voltage 

lOUT = 1.6mA 


0.4 

V 
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INS8060-SC/MP II 


AC Electrical Characteristics [ta = o°c to +7o°c, vcc = +5v ± 5%, 1 ttl Load (Note aii 

Parameter 

Conditions 

Min. 

Max. 

Units 

fx 


0.1 

4.0 

MHz 

R = 240n ± 5% (figure 2B) 

C = 300pF ± 10% 

2.0 

4.0 

MHz 

Tc (Note 4) 


500 


ns 

Microcycle 


1 


PS 

External Clock Input (see figure 2A) 

Two 


120 


ns 

Twi 


120 


ns 

XOUT/ADS Timing Relationship 
(see figure 3) 

Th (ADS) 


100 

225 

ns 

Address and Input/Output Status 
(see figures 5 and 6) . 

Tdi (ADS) 



3Tc/2 

ns 

Tw (ADS) 


(Tc/2) - 50 


ns 

Ts (ADDR) 


(Tc/2) -165 


ns 

Th (ADDR) 


50 


ns 

Ts (STAT) 


(Tc/2) -150 


ns 

Th (STAT) 


50 


ns 

Th (NBREQ) 


0 


ns 

Data Input Cycle (see figure 5) 

Td(RDS) 


0 


ns 

Tw (RDS) 


Tc + 50 


ns 

Ts(RD) 


175 


ns 

Th (RD) 


0 


ns 

TacC (RD) 


2Tc -'200 


ns 

Data Output Cycle (see figure 6) 

Td (WDS) 


Tc - 50 


ns 

Tw (WDS) 


Tc 


ns 

Ts (WD) 


(Tc/2) -200 


ns 

Th (WD) 


100 


ns 

Input/Output Cycle Extend 
(see figure 7) 

Ts (HOLD) 


200 


ns 

Tdi (HOLD) 


130 

275 

ns 

Td2 (HOLD) 



350 

ns 

Tw(HOLD) 



OO 

ns 

Th (HOLD) 


0 


ns 

Bus Access (see figure 4) 

Td (NENOUT) 



150 

ns 

Td2 (ADS) 


Tc/2 

3TC/2 

ns 

Th (NENIN) 


0 


ns 

Output Load Capacitance 

XOUT 



30 

PF 

All Other Output Pins 



.75 

pF 

Note 1 : Maximum ratings indicate limits beyond which damage may occur. Continuous operation at these limits is not intended and should be 
limited to those conditions specified under electrical characteristics. 

Note 2: NBREQ is an input/output signal that requires an external resistor to Vqq. 

Note 3: All times measured from valid Logic "0" level = 0.8 V or valid Logic "1" level = 2.0 V. 

Note 4; Tg is the time period for two clock cycles of the on-chip or external oscillator (Tg = 2/fx). Refer to paragraph titled Timing Control 
for detailed definition. 

Note 5; All times measured with a 50% duty cycle on the external clock. 
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The time interval of a microcycle is four times the period of the oscillator; that is: 
period of one microcycle = 2Tc 

Tc = 2(-l-) = 2(-l-) = 2(j-!— ) 

fosc Ves ^XIN 

where: 

Tc = time period for two cycles of on-chip or external oscillator 
fosc “ frequency of on-chip oscillator 

fres = resonant frequency of crystal connected between XIN and XOUT pins 
fXiN = fi'^duency of external clock applied to XIN pin 


A. External Clock Input 


OPTIONAL 

DRIVER 

OPTIONAL 

SYSTEM Hf I- XOUT 

CLOCK . M 


EXTERNAL CLOCK PARAMETERS 


C. Crystal with Low-Pass Filter (Above IMHzl 



SC/MP 


XIN 


XOUT 


OPTIONAL 

DRIVER 

k, OPTIONAL 

--■I — SYSTEM 

*• CLOCK 


B. Resistor-Capacitor Feedback Network 


OPTIONAL 
I DRIVER 

R R OPTIONAL 

lAA/ m SYSTEM 

VTT T TTT 




NOTE: 100 <R<2k 


Typical Oscillator Frequency 
vs RC Time Constant 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
CLOCK PERIOD (l/fMHz) 


Suggested values for Crystal With Low-Pass Filter Network. 

Crystal i Rp Ci Rl 

2IVIHZ lOOkn 56pF . 1 kfi 

3.58MHz lOOkJ^ 27pF 1 kn 

4MHz lOOkfZ 27pF 1 kfi 

XTAL is parallel resonant with maximum series resonance equal 

tolkn. 

O. Crystal with Low-Pass Filter (1MHz or Below) 



- 





SC/MP 



XIN 


XOUT 


x'' X'' 


OPTIONAL 

DRIVER 

kt. OPTIONAL 

I- H '}>- SYSTEM 

►’ CLOCK 



FIGURE 2. Frequency Control Networks for On-Chip Oscillator 


FIGURE 3. XOUT/NADS Timing Relationship 
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INS8060-SC/MP II 



B. NBREQ.NENIN, and NENOUT Timing 

Note 1 : NENOUT Is always high while SC/MP Is actually using bus; that Is, NENIN input and NBREQ output are low. 

Note 2: When SC/MP Is not using bus (NBREQ output or NENIN input high), NEfsIOUT is held in same state as NENIN input. 

Note 3: NENOUT goes |ow to indicate that SC/MP was granted access to bus (NENIN low) but Is not using bus. 

Noted; NENOUT goes high in response to high NENIN input. 

Note 5: SC/MP generates bus request; bus access not granted because NENIN high. 

Note B: NENIN goes |ow. Bus access now granted and input/output cycle actually initiated. If NENIN is set high while SC/MP has access to 
the bus, the address and data ports will go to the high-impedance (Tri-State®) state, but NBREQ will remain low. When NENIN is subsequently 
set low, the input/oVjtput cycle will begin again. 

Note 7: Input/output cycle completed. NENOUT goes low to indicate that SC/MP granted access to bus but not using bus. If NENIN had been 
set high before completion of input/output cycle, NENOUT would have remained high. 

FIGURE 4. Bus Access Control 
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INS8060-SC/MP II 



Ts(STAT) [-« — »>| [-♦THiSTAn — |-^Th(ADOR) 



I ►) j-^-TomDSI I ►! I^Th(RD) 



Note: Timing is valid when NENIN is low before NBREQ is set low by SC/MP; see figure 4 for NADS timing when NENIN is 
set low after NBREQ. 


FIGURE 5. SC/MP Data Input Timing 



Ts(WD) ►! — |-<-TH(VyD) 



FIGURES. Data Output Timing 
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INS8060-SC/MP il 


NBREQ 


RHOLD 



Note 1: In order to extend the input/output cycle, NHOLD must remain low until the point where NRDS/NWDS would have made a 
low-to-high transition with NHOLD inactive. Dashed line indicates the trailing edge of NRDS/NWDS when NHOLD is not active. 

FIGURE 7. NHOLD Timing 
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Chapter 4 
THE 8080A 


The 8080A is the most widely known of the microcomputers described in this book; as such, it becomes the 
frame of reference in many peoples' minds as to what a microcornputer should be. 

The 8080A CPU is the direct descendant of the 8008, which was developed to Datapoint's specification for a 
device that would provide intelligent terminal data processing logic. 

It should be borne in mind that the 8080A was designed as an enhancement of the 8008, at a time when no 
definable microcomputer user public had established itself: therefore, many of the design features in the 8080A 
can be looked upon as astute shots in the dark. The success of this microcomputer is due either to the farsighted genius 
of its designers, or to the fact that the power of most microcomputers so overwhelms the needs of microcomputer ap- 
plications, that CPU design becomes almost irrelevant when compared to product costs and product availability. 

An enhanced version of the 8080A, the 8085, is now available. The 8085 is described along with its support 
devices in Chapter 5. Note that in many cases it will be possible to use 8080A support devices with the 8085 CPU. 
You are unlikely to use 8085 support devices with the 8080A: if your design is new enough to be looking at the 8085 
® support devices, then in all probability you would be using the 8085 CPU in preference to the 8080A. 

There is also a family of one-chip microcomputers currently available from Intel only — the 8048 family. Where 
the 8085 is an enhancement of the 8080 with many similarities, the 8048 is a somewhat different product. The 
8048 devices are described in Chapter 6. 

The 8080A has more support devices than any other microprocessor on the market today. A few of these support 
devices are specific to the 8080A: however, the majority of them are used just as easily with almost any 
microprocessor. Only devices specific to the 8080A are described in this chapter: devices that can be used with any 
microprocessor are described in Volume III. The foiiowing is a list of 8080A support devices; a • at the left margin 
identifies a device described in this chapter, while an * in the left margin identifies a device which is described 
in Volume III. 

* The 8080A/g080A CPU 

* The 8224 System Clock Generator and Driver. This device generates timing signals for the entire 8080A 
microcomputer system. 

* The 8228 System Controller (SC). This device demultiplexes the data lines of the 8080A CPU which are used 
for bidirectional data transfer and to output control and status signals. 

* The 8251 and 8251 A Serial I/O Communication Interface, which provides a variety of synchronous and 
asynchronous serial data communication options. 

* The 8273 SDLC Protocol Serial I/O Controller. 

* The /iPD379 and the /xPD369. These devices provide synchronous and asynchronous serial I/O interfaces, 
respectively. 

* The 8255 and 8255A Parallel I/O interfaces, which provide programmable parallel I/O communication with ex- 
ternal devices. 

* The 8212 Input/Output port, which can be used as an address buffer/decoder, a priority interrupt arbitrator, or 
an I/O peripheral interface. 

* The 8257 Direct Memory Access control device, which enables data to be transferred between memory and 
external logic, bypassing the CPU. 

* The 8253 Programmable Timer, which is accessed as an I/O device to create delays and timed pulses. 

* The 8259 Priority Interrupt Control Unit, which arbitrates priority among eight interrupts and creates appropri- 
ate CALL instructions in response to an interrupt acknowledge. 

* The 8214 priority interrupt device, which allows a number of interrupt requests to be received and processed 
under program control. 

* The TMS 5501 Multifunction I/O Controller, which provides a variety of support iogic functions. 
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* The 8205, 8216 and 8226 address buffer decoders, which provide the logic needed to decode address spaces 
out of the 8080A address lines. 

* The 8271 Programmable Floppy Disk Controller. This device provides a good deal of the logic needed to inter- 
face a floppy disk to a microprocessor. 

* The 8275 Programmable CRT Controller. This device provides a great deal of the logic needed to interface in- 
dustry standard CRT terminals to a microprocessor. 

Table 4-1 lists the sources for each of the products described. Device numbers in each column are the individual 

manufacturers' device numbers, which may differ for the same device. 


Table 4-1. Devices of the 8080A Microcomputer Family 


DEVICE 

AMD 

INTEL 

NEC 

Tl 

NS 

SIGNETICS*** 

8080A 

9080A‘* 

8080A 

8080A 

TMS 8080A 

8080A 

8080A 

8224 

8224 

8224 

8224 

SN74LS424 

8224 

8224 

8228 

8228/38 

8228/38 

8228/38 

SN74S428 

8228/38 

8228/38 

8251 

9551* 

8251 

8251 




8255 

9555* 

8255 

/j,PD379 

mPD369 

8255 


8255 


8214 


8214 

8214 




8216/26 

8216/26 


8216 




8205 

25LS138* 

8205 





8212 

8212 

8212 

8212 

SN74S412 



8253 


8253 

8253 




8259 


8259 

8259 




8257 

TMS 5501 


8257 

8257 

TMS 5501 




* Some parameters vary, but pin-for-pin compatible 

** Five CPU options are available offering clock speeds as fast as 250 ns, and wide temperature ranges 
**• Signetics second sources National Semiconductor products 

Companies manufacturing these microcomputer devices are: 

INTEL CORPORATION 
3065 Bowers Avenue 
Santa Clara. CA 95051 
ADVANCED MICRO DEVICES 
901 Thompson Place 
Sunnyvale. CA 94086 
TEXAS INSTRUMENTS INC 
P.O. Box 1444 
Houston. TX 77001 
NEC MICROCOMPUTERS INC 
5 Militia Drive 
Lexington. MA 02173 
NATIONAL SEMICONDUCTOR CORP 
2900 Semiconductor Drive 
Santa Clara. CA 95050 
SIGNETICS 

81 1 East Argues Avenue 
Sunnyvale. CA 94043 
SIEMENS A.G. 

Components Group 
Balanstrasse 73. D8000 
Munich 80. West Germany 

Siemens is manufacturing the 8080A famiiy of devices in Europe with the active support of Intel. AMD is an 
authorized second source; however, most of their products were developed prior to the second source agree- 
ment. All other 8080A manufacturers are unauthorized. In consequence, some differences exist between Intel 
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and second source parts: differences are in some cases designed by the second source manufacturer, while in 
other cases differences are accidents. Differences we know about are described. 

The 8080A uses three levels of power supply: +5V, +12V and -5V. 

Using a 500 ns clock, instruction execution times range from 2 to 9 fisec. 

All 8080A devices have TTL compatible signals. 


THE 8080A CPU 


Of the 8080A devices available on the market, the NEC 8080A is the oniy one that differs significantly from the 
Intel 8080A. The NEC 8080A is advertised as "an upward enhancement". Some of the NEC 8080A upward enhance- 
ments result in programs written for Intel 8080A not executing correctly on the NEC 8080A: therefore you should 
check carefully for incompatibilities when using the NEC 8080A. NEC now manufactures an exact 8080A reproduc- 
tion as well; be sure you select the correct product if you buy from NEC. 

Most differences between Intel and second source 8080A devices pertain to maximum clock frequency, environmental 
constraints and electrical characteristics. For details see the data sheets at the end of this chapter. 

Functions implemented on the 8080A CPU are illustrated in Figure 4-1; they represent "typical” CPU logic. The 

8080A has an Arithmetic and Logic Unit. Control Unit, Accumulator and registers. 

N-Channel, silicon gate MOS technology is used by all 8080A manufacturers. 

The two most noticeable features of the 8080A CPU are the exclusion of clock logic and bus interface logic 
from the CPU chip. 

© The need for a separate clock logic chip simply reflects the fact that the 8080A was a relatively early microprocessor. 
Other microprocessors developed at the same time also required external clock logic. 

Bus interface logic must also be provided externally since the 8080A outputs an inadequate set of control signals. 
These control signals are augmented by instruction status information output on the Data Bus. External bus interface 
logic must combine the control signals with the instruction status signals to create an adequate Control Bus. 

These characteristics of the 8080A CPU are described in detail on the following pages. 

The 8085 CPU incorporates clock logic and bus interface logic onto the CPU chip. 

8080A PROGRAMMABLE REGISTERS 

The 8080A has seven 8-bit programmable registers, a 16-bit Stack Pointer, and a 16-bit Program Counter. These may 
be illustrated as follows: 

Program Status Word ) These two sometimes 
Primary Accumulator ) treated as a 16-bit unit 
Secondary Accumulators/Data Counter 
Secondary Accumulators/Data Counter 
Secondary Accumulators/Data Counter 
Stack Pointer 
Program Counter 



PSW 

A 


C 

D 

E 

H 

L 

1 SP 

PC 


The A register is an 8-bit primary Accumulator. The remaining six Accumulator registers may be treated as six in- 
dividual, 8-bit secondary Accumulators, or else they may be treated as three, 1 6-bit Data Counters, which we will refer 
to as BC, DE, and HL registers. The 1 6-bit HL register is the primary Data Counter, and provides the implied memory ad- 
dress for most memory reference instructions; a limited number of memory reference instructions use the BC and DE 
registers as Data Counters. 

The 8080A uses a memory Stack, addressed by the Stack Pointer. 
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Figure 4-1. The 8080A CPU, 8224 Clock and 8228 System Controller. 
Forming a Three-Device Microprocessor 


8080A ADDRESSING MODES 

The memory addressing used by the 8080A is very straightforward; direct addressing and implied addressing are pro- 
vided. 

The most frequently used memory addressing mode is implied addressing,, via the FIL register. 

This was the only memory addressing mode available on the predecessor microcomputer, the 
8008.. 


8080A 

IMPLIED 

ADDRESSING 
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Register-register Move, and Register-register Operate instructions allocate three bits to specify one of eight registers: 
since there are only seven registers, the eighth code becomes a memory reference specification, using implied address- 
ing via the HL register, as follows: 

Bit No. 


000 B specified 

001 C specified 

010 p specified 

011 E specified 

100 H specified 

101 L sp>ecified 

110 Memory reference via HL 

1 1 1 A specified 


3 2 10 

a 


m 




With one exception, direct addressing is the only addressing mode provided for Jump and 
Branch instructions: the exception is the instruction with the mnemonic PCHL, which provides a 
jump using implied addressing. Direct addressing is also available for a limited number of 
memory reference instructions. Ail direct addressing instructions are three bytes long; a 
two-byted 6-bit) direct address is always specified. 

8080A ST ATMS 

© The 8080A has a Status register with the following status flags: 

Zero (Z) 

Sign (S) 

Parity (P) 

Carry (C) 

Auxiliary Carry {Aq) 

SUB, present in the NEC 8080A only 

These status flags may be accessed by some instructions as a single Program Status Word (PSW). PSW bits are 
assigned as follows: 

Bit No. 


Unassigned 
SUB (NEC 8080A only) 

Instructions that access register pairs treat PSW and the Accumulator as a register pair. 

The 8080A uses its Sign status as described for the hypothetical microcomputer in Volume I, Chapter 7. 

The Carry status is not completely standard. When an addition instruction is executed, any car- 
ry out of the high-order bit causes the Carry status to be set to 1, while no carry causes the Carry 
status to be reset to 0. This is standard Carry logic, also known as Add Carry logic. When a 
subtraction instruction is executed, however, the (3arry logic is inverted. 


CARRY 

STATUS 

BORROW 

LOGIC 


7 6 5 4 3 2 1 0 


isizikTOxT-prxm 


VTi 



8080A 

DIRECT 

ADDRESSING 
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A subtraction is actually the twos complement addition of the subtrahend to the minuend. The use of the Carry status 
is different: if there is a carry out of the high-order bit. then the Carry status is reset to 0; if there is no carry out of the 
high-order bit, then the Carry status is set to 1 . This philosophy is known as Borrow Carry logic and is used only during 
subtraction operations. Here are illustrations of the two philosophies: 


24 1 c 
- 1 6 A7 


Binary Twos 
Add Carry Logic 
No carry. 

00 1 00 1 ook 0001 1 1 00 
, 1 1 101001 \ 0101 1001 

00001 1 0 1 '01110101 


OD 

Ones 

complement 
of high- 
order 
byte. 


75 

Twos 
complement 
of low. 
order 
byte 


Complement 
Borrow Carry Logic 
No carry . 




11111111 ' 

00100100 00011100 

,11101010 01011001 , 



Twos complement 
individual 
bytes without 
regard to byte 
order 


In a CPU which uses Add Carry logic, the twos complement of the low-order subtrahend byte is added to the minuend 
low-order byte. However, the ones complements of higher order subtrahend bytes are added to minuend bytes when 
the CPU executes a "Subtract with Carry". This logic adds the unaltered Carry status. This is equivalent to initially 
assuming that there is no carry from the lower order byte; if there is a carry from the lower order byte, then the ones 
complement addition is incremented. 

In a CPU which uses Borrow Carry logic, the twos complement of every subtrahend byte is added to every minuend 
byte, irrespective of whether we are dealing with the low-order or any other subtrahend byte. This is equivalent to 
assuming that there will always be a carry from the lower order byte — hence the twos complement add. If there is no 
carry, the sum' must be decremented. When a lower order byte borrows from the next high-order byte, there will be no 
carry; therefore, no carry causes the Carry status to be set to 1. However, the "Subtract-with-Carry" instruction 
subtracts the 1 Carry status from the result rather than adding it. 

The Auxiliary Carry status is set and reset by the NEC 8080A following execution of any 
subtract instruction to correctly indicate whether a borrow from bit 4 occurred during the 
subtraction. The Intel 8080A uses the Auxiliary Carry at all times to indicate a carry out of bit 3 
following addition. The AMD 9080A always clears the Auxiliary Carry status following ex- 
ecution of a Boolean instruction; the Intel 8080A sometimes does and sometimes does not. 


AMD 9080A 

STATUS 

DIFFERENCE 


8080A CPU PINS AND SIGNALS 

8080A CPU pins and signals are illustrated in Figure 4-2. 

The 16 address lines A0-A15 output memory and I/O device addresses. These are tristate lines, and may be 

floated, giving external logic control of the Address Bus. 

The eight Data Bus lines DO - D7 are multiplexed, bidirectional data lines via which 8-bit data units are input 
and output, and on which statuses are output during the first clock period of any machine cycle; statuses on the 
Data Bus identify events which are to occur during the balance of the machine cycle, as described in Table 4-2. Like 
the address lines, the data lines are tristate. 

Remaining signals (excluding power and ground) may be divided into timing control. Data Bus definition, and in- 
terrupt control signals. 

These are the timing control signals: 

A device which cannot respond to a CPU access request within the allowed time interval 
extends the time interval by pulling the READY input control low. In response to READY low, 
the 8080A enters a Wait state, during which the CPU inserts an integral number of clock periods: 

WAIT is output high, and all operations are suspended within the CPU, but the address re- 
mains stable on the Address Bus. 


8080A 

TIMING 

CONTROL 

SIGNALS 


CPU logic can be stopped between the end of one instruction's execution, and the beginning of the next, by in- 
putting a high level on HOLD. This causes the CPU to float the Data and Address Busses, allowing external logic to ac- 
cess these busses, usually to perform direct memory access operations. 
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The CPU responds to a HOLD request by outputting a Hold Acknowledge, HLDA, high; this signal can be used by 
external logic to identify the beginning of the time when the CPU has actually floated external busses, and external 
logic can take control of the microcomputer system. 

RESET is a typical reset signal; if held high for a minimum of three clock periods, it will zero the contents of all 
registers (excluding the status flags which maintain previous values), thus causing program execution to start with the 
instruction stored at memory location 0000. 

Two signals identify the condition of the Data Bus: 

When DBIN is output high, data from an addressed memory location, or I/O port, must be 
placed on the Data Bus; DBIN may be used as a data input strobe. 

WR is output low when data on the Data Bus is stable; WR may be used as a write strobe. 

The two interrupt control lines are INT and INTE. An external device requests an interrupt by 
inputting INT high. The CPU uses INJE to indicate whether interrupts are enabled or disabled. 

8080A TIMING AND INSTRUCTION 
EXECUTION 


8080A 
DATA BUS 
DEFINITION 
SIGNALS 


8080A 

INTERRUPT 

CONTROL 

SIGNALS 


An 8080A instruction's execution is timed by a complex sequence of MACHINE CYCLES each of which is sub- 
divided into CLOCK PERIODS. 

An instruction’s execution may require from 1 to 5 machine cycles. Machine cycles are labeled 
MCI, MC2, MC3, MC4 and MC5. ' ' 

@ A machine cycle is made up of 3, 4, or 5 clock periods; the first machine cycle of an instruction 
must have 4 or 5 clock periods. Clock periods are labeled Ti. T2, T3, T4, T5: 


8080A 

MACHINE 

CYCLES 

8080A 

CLOCK 

PERIODS 


1 MCI 


1 istca 

[ MC4 

[ \ 





Quaiasjii: 


Where MC is shaded, the entire machine cycle is optional. Where T is shaded, the clock period is optional within its 
machine cycle. 
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PIN NAME 

DESCRIPTION 

TYPE 

•A0-A15 

Address Lines 

Output, Tristate 

•D0-D7 

Data Bus Lines 

Bidirectional, Tristate 

SYNC 

Machine Cycle Synchronizer 

Output 

•DB|(^ 

Data Input Strobe 

Output 

JREADY 

Data Input Stable 

Input 

•WAIT 

CPU In Wait State 

Output 

•WR 

Data Output Strobe 

Output 

•HOLD 

Enter Hold State 

Input 

•HLDA 

Hold Acknowledge 

Output 

•|NT 

Interrupt Request 

Input 

•INTE 

Interrupt Enable 

Output 

•RESET 

Reset CPU 

InpuJ 

a>1, 

Clock Signals 

Input 

'^ss-'^dd'^cc-'^bb 

Power and Ground 



•These signals connect to the System Bus. 

Figure 4-2. 8080A CPU Signals and Pin Assignments 

CLOCK SIGNALS 

Two clocks, $1 and 3>2, provide the CPU with its tirping. 

Figure 4-3 illustrates the way in which clock signals and 02 are used to generate a machine cycle consisting 
of five clock periods. A SYNC pulse identifies the first clock period of every machine cycle. 
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A 9-segment clock is specified for the 8080A where the $1 and ^2 signals are generated out of 9 segments as 
follows; 



Irrespective of the segmentation used, note that the total clock period time must remain the same. For example, sup- 
pose you have a 500 nanosecond clock; individual segments must be timed as follows; 

Number of Segments 9 8 7 6 5 4 

Duration of one segment 55.55 62.5 71.43 83.33 100.00 125.00 

(nanoseconds) 
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In summary, therefore, a clock period will normally have 9 segrnents, but may have 4, 5, 6 , 7 or 8 segments. 

Note that the only time you ever need to know about clock segmentation is when you are creating your own 
clock signals. If you use the 8224 Clock Signal Generator (described later in this chapter) you can ignore clock signal 
Segmentation- 


Clock periods Ti, T 2 and T 3 of each machine cycie are used (with one exception) for memory reference opera- 
tions. During periods T 4 and T 5 functions internal to the CPU are executed. These two clock periods can be 
used by external logic for a iimited number of approved operations that do not involve the CPU: 



Operations internal to CPU 
Memory reference operations 


The first three ciock periods of the first machine cycle are always used to fetch an instruction from memory, and 

load it into the Instruction register. The first machine cycle always has at least four clock periods, with the Program 
Counter being incremented during T 4 : 


1 

EiE 

^2 ^3 


r'U 



Increment Program Counter 


Operations internal to CPU 
Instruction Fetch 


The CPU identifies the operations that will occur during every machine cycle by outputting 
status information on the Data Bus during clock period T 2 . External logic uses SYNC and the 
<I>1 pulse at the start of T 2 to read status off the Data Bus. Timing is illustrated in Figure 4-4. 

If you are using an 8228 System Controlier, it wjli decode status output on the Data Bus 
during T 2 . By combining this status information with the three control sigrials; WFi, DBIN and HLDA, tfie 8228 System 
Controller is able to generate a set of bus control signals which will interface industry standard memory devices and ex- 
ternal logic. 


8080A 

INSTRUCTION 

STATUS 


If you are not using an 8228 System Controiier, then you must provide externai logic that decodes the Data Bus 
during of T 2 . Your external logic must generate control signals which wiii be active during subsequent clock 
periods, at which time the Data Bus no longer holds status information. " 



Figure 4-4. Status Output During T 2 of Every 
Machine Cycle 
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Table 4-2 defines the statuses which may be output during clock period T2- Table 4-3 defines the way in which 
statuses should be interpreted to identify the various possible types of machine cycles. 


Table 4-2. Statuses Output Via the Data Lines During the Second 
Clock Cycle of an 8080A Machine Cycle 


SYMBOLS 

DATA BUS 
BIT 

DEFINITION 

HLTA 

D3 

Acknowledge signal for Halt instruction 

INTA* 

DO 

Acknowledge signal for INTERRUPT request. Signal should be used to gate a 
Restart instruction onto the Data Bus when DBIN is active. 

INP* 

D6 

Indicates that the Address Bus contains the address of an input device and 
the input device should be placed on the Data Bus when DBIN is active. 

OUT 

D4 

Indicates that the Address Bus contains the address of an output device and 
the Data Bus will contain the output data when WR is active. 

MEMR* 

D7 

Designates that the Data Bus will be used for memory read data. 

Ml 

D5 

Provides a signal to indicate that the CPU is in the fetch cycle for the first 
byte of an instruction. 

STACK 

D2 

Indicates that the Address Bus holds the pushdown stack address from the 
Stack Pointer. 

WO 

D1 

Indicates that the operation in the current machine cycle will be a WRITE 
memory or OUTPUT function (WO = 0). Otherwise a READ memory, INPUT 
operation, or interrupt or Halt acknowledge will be executed. 


‘These three'status bits can be used to control the flow of data onto the 8080A Data Bus. 


Table 4-3. Statuses Output on the Data Bus for 
Various Types of Machine Cycle 


DATA BUS BIT 

STATUS INFORMATION 

TYPE OF MACHINE CYCLE j 

INSTRUCTION FETCH 

MEMORY READ 

MEMORY WRITE 

STACK READ 

STACK WRITE 

INPUT READ 

OUTPUT WRITE 

INTERRUPT 

ACKNOWLEDGE 

HALT 

ACKNOWLEDGE 

INTERRUPT ACKNOWLEDGE 
WHILE HALT 

DO 

INTA 

0 

0 

0 

0 

0 

0 

0 

1* 

0 

■ 1 

D1 

wd 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

D2 

STACK 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

D3 

HLTA 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 (0) 

D4 

OUT 

0 

0 

0 

0 

0 

0 

1 ■ 

0 

0 

0 

D5 

Ml 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

D6 

INP 

0 

d 

0 

0 

0 

1 

0 

0 

0 

0 

D7 

MEMR 

1 

1 

0 

1 ' 

0 

0 

0 

0 

1(0) 

0 


(0) Identifies status outputs of the NEC 8080A which differ from those of the Intel 8080A. 

• This status is output as 0 by the NEC 8080A during a Call instruction being executed within 
the interrupt acknowledge process. 
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INSTRUCTION FETCH SEQUENCE 

Instruction fetch timing is illustrated in Figure 4-5; events occur as follows: 

Period T-j The leading edge of <I>2 triggers the SYNC high pulse, identifying period Ti- 
WAIT is low, since the CPU is not in the Wait state. 

WR remains high since this is an instruction fetch cycle; data is not being written to memory. 

The leading edge of ^2 is used to set selected Data Bus lines high, providing external logic with status 
information as follows: 

, RI/WO (D1) ■ The CPU is expecting data input. 

Ml (D5) This is an instruction fetch period.- 

MEMR (D7) Data input is expected from memory. 

The leading. edge of 02 is used to set the required memory address on the address lines AO to A15. 

Period T2 . External logic uses the 01 pulse of time period T2 to read status off the Data Bus. The read status strobe 
may be created as follows: 



Remember, if you are using an 8228 System Controller, it reads and decodes status for you. 
Immediately after status has been output on the Data Bus, the Data Bus is free to receive the instruction 
object code. The address for the instruction object code will be on the Address Bus; this address appears 
on the Address Bus during T-j, beginning with the rising edge of 02. The fact that status has been output 
and the Data Bus is free to receive the instruction object code is indicated by DBIN being pulsed high. 
The DBIN high pulse begins with the rising edge of 4>2 in T2 and lasts exactly one clock period. 

Period T3 While DBIN is high, external logic must place the addressed instruction code on the Data Bus. The CPU 
will store this data in the Instruction register — ^whence the Control Unit interprets it as an instruction 
code. 

The Data Bus is floated at <E>2 during T3. This means that the Data Bus has beeri disconnected from the 
CPU and can be used in any way by logic external to the CPU. 

Period T4 The Address Bus is floated at <I>2 during T4. 

The 8080A uses 1, 2 and 3 byte instructions. Each byte of a muitibyte instruction requires its own instruction 
fetch. Exact timing for multibyte instructions is given later in this chapter, after the 8080A instruction set has been de- 
scribed. 


A MEMORY READ OR WRITE OPERATION 

So far as external logic is concerned, there is no difference between "read from memory" timing and instruction fetch 
timing — except that the Ml status (D5 on the Data Bus) is high during an instruction fetch only. Figure 4-5 therefore 

applies to a memory read operation also. 

Since a memory read operation is executed during time periods Tf , T2 and T3 of a machine cycle, the presence 
of a memory read operation in an instruction's execution sequence will add one machine cycle to instruction ex- 
ecution time. 

Figure 4-6 shows timing and signal sequences for a memory write operation. The signal sequences are identical 
to the instruction fetch sequence with the exception that DBIN remains low during T2 and T3, and different 
status signals are output on the Data Bus during T^i. 


SEPARATE STACK MEMORY MODULES 

One 8080A CPU can access two memory modules with overlapping memory addresses: a stack memory 
module and a nonstack memory module. Overlapping memory addresses can be used by the two memory modules, 
since Stack status (D2 high at <I>1 in T2) can be used to select the stack memory, while lack of Stack status (D2 low at 
<I>1 in T2) can be used to select nohstack memory. External logic must decode the address as referericing stack or non- 
stack memory. 
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Note that the 8228 System Controller does not generate a STACK control signal. Nevertheless, if you wish, you may im- 
plement separate stack and nonstack memory, with overlapping addresses; this requires your own status decode logic 
to isolate the Stack status. Such logic is quite simple, and may be illustrated as follows: 



Stack memory select 


Nonstack memory select 


The only disadvantage associated with having a separate stack memory is that nonstack instructions cannot reference 
the stack memory. 



WfSHu Sm lKlKmltKSm 


II 


Data In Stable 


Floating* | 


I External Logic | | | | 

I Read Status I - I ,1 I 

I Di — Signals I I I I ■ 

' • I .1 I I 

I I I I I 

Instruction Fetch 

•The NEC 8080A maintains the address on the Address Bus during T4 and T5. 


Figure 4-5. 8080A Instruction Fetch Sequence 

THE WAIT STATE 

A Wait state may occur between clock periods T 2 and T 3 . The Wait state frees external 8080A 

logic or memory from having to operate at CPU speed. Wait state timing is illustrated in Figure SLOW 

4-7 and Figure 4-8. MEMORIES 

If READY is low during 4>2 of T 2 , the 8080A CPU will enter the Wait state following T 2 . The Wait 
state consists of any number of clock periods during which the CPU performs no operations and maintains the levels of 
all output signals. The Wait state ends when READY is input high. The CPU samples READY during every <I>2 pulse 
within the Wait state; the Wait state will therefore end with the 4>1 pulse which follows a pulse during which 
READY is sensed high. 
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Memory interface logic in any 8080A microcomputer system must be designed to anticipate that every memory 
access either will, or will not require a Wait state. 

If memory is as fast as the 8080A CPU, then READY will normally be held high, in anticipation of no Wait state. In 
Figures 4-7 and 4-8 a broken line is used to represent this "READY normally high” case. Memory interface logic will 
pull READY low in order to insert one or more Wait machine cycles only in special circumstances; memory interface 
logic has until 02 of T2 to pull READY low. 



Di - Signals 


Figure 4-6. 8080A Memory Write Timing 

If memory is slower than the 8080A CPU, then READY will normally be held low in anticipation of one or more Wait 
machine cycles occurring between T2 and T3. In the special circumstance where no Wait state is needed, memory in- 
terface logic has until <l>2 of T2 to set READY high. 

Note that WR, if active, will be held low for the entire duration of a Wait state. This is because if WR is to be set low, the 
transition occurs at ^>1 of T2 and lasts until <51 of T4 — a period which completely encompasses the Wait state. 

Relatively simple logic can be used to add a Wait state to a machine cycle. Consider the 8080A WAIT 

following scheme: STATE REQUEST 

LOGIC 
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Consider the sequence of signal transitions in the logic we have illustrated above. At each 4>1 clock pulse, transitions 
will occur as follows; 

<I>1 

MEMR 

oi 

Q1 - D2 

Q2 

READY 



It requires Q1 and Q2 to be high simultaneously for READY to be low; and that condition exists for a single clock pulse. 

Observe that you can use READY to trigger a one-shot in order to create a low READY input of any duration. 


<t>i 

< 1)2 

SYNC 

READY 





Represents alternate signal form for READY as described in text accompanying this figure. 


Figure 4-7. The 8080A CPU Operating With Fast Memory and No Wait State 
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READY is false at <t>2 in T 2 , so next <t>1 pulse initiates a Wait state, with WAIT set high by the leading 
edge of the ft>1 pulse. When READY is high at a <t>2 pulse, clock period T 3 will be initiated by the next 
‘t'1 pulse and WAIT will be reset low. 


Figure 4-8. The 8080A CPU Operating With Slow Memory and a Normal Wait State 

THE WAIT, HOLD AND HALT STATES 

We have discussed the Wait state within an 8080A microcomputer system, now we have to look at two further 
states during which instructions are not executed: the Hold and the Halt states. 

The fact that there are three states within which instructions are not being executed is frequently a source of confusion 
to 8080A users. Let us, therefore, clearly identify the differences between these three states before continuing a dis- 
cussion of the Hold and Halt states. 

As we have already seen, the Wait state consists of one or more clock periods which are inserted within a machine cy- 
cle, giving external logic time to respond to a memory access; Thus, the Wait state consists of an indeterminate num- 
ber of clock periods which occur within a machine cycle and extend the duration of that machine cycle. 

The purpose of the Hold state is to float the System busses so that external logic can perform direct memory access 
operations. Conceptually, therefore, a Hold condition consists of any number of clock periods, occurring in between 
two machine cycles which define the termination of one instruction’s execution and the initiation of the next instruc- 
tion's execution: 

• I 

- -TLfLn. 

Last machine cycle First machine cycle 

of an instruction's ^ HOLD state clock periods ■ » of next instruction's 

execution execution 

The Hold state may be looked upon as a period of time during which the CPU goes into a state of suspended animation. 

The Halt state results from the execution of a Halt instruction. The System Bus is not floated during a Halt state. During 
the Halt state, the CPU simply marks time. The purpose of a Halt state is to define those time intervals when there is 
nothing for the CPU to do; now when the CPU has nothing to do, it is only logical to assume that the CPU cannot know 
how long it will be before it has something useful to do. Typically a Halt condition will end when some external logic 
demands the service of the CPU. One method that external logic uses to demand CPU service is the interrupt request. 
The 8080A therefore requires an interrupt request to terminate the Halt state. 


4-16 





ADAM OSBORNE & ASSOCIATES. INCORPORATED 


Let us now look at the Hold and Halt states in more detail. 

THE HOLD STATE 

The Hold state allows external logic to stop the CPU. 

The Hold state is similar to the Wait state. During both states, signals output by the CPU are held constant; but 
the Data and Address Busses are floated in the Hold state only, not in the Wait state. 

The Hold and Wait states are also initiated in different ways and they serve different functions. 

The Wait state is initiated if external operations will not be completed during T3. The purpose of the Wait state is to 
allow the CPU to operate with slow memories or external logic, therefore a Wait always occurs between clock periods 
12 and T3. - 

A Hold state is initiated by the hold request input signal HOLD. The CPU acknowle dges the onset of the Hold state by 
outputting HLDA high. If a HOLD is requested during a read or input operation (RIAA/0 (D1) high in T2). then HLDA is 
set high by the leading edge of 01 in T3. If a HOLD is requested during a write or output operation, then HLDA is set 
high by the leading edge of in the cycle following T3. 

Note that even though HOLD is acknowledged and the Hold state is initiated in T3 during a read memory or input data 
machine cycle, logic must still hold data steady on the Data Bus until the leading edge of ^2 in T3. This is because 
operations internal to the CPU will be executed normally during a HOLD. Operations internal to the CPU will only cease 
if the Hold state lasts for more cycles than would normally be present before the onset of the next T-| cycle. 

HOLD low will cause the end of the Hold state. HOLD low must coincide with the leading edge of <I>1 or 02, and will 
terminate the Hold state at the «I>1 pulse of the next machine cycle's T-| clock period. The 8080A CPU will signal the 
end of the Hold state with HLDA false. 

During the Hold state, the Data Bus and the Address Bus are floated. Floating begins at ^>2 in T3 for a read operation 
and at 02 in the clock period following T3 otherwise. 

Figures 4-9 and 4-10 illustrate some variations on the Hold state. 

The NEC 8080A and the Intel 8080A differ when a Hold is requested during a DAD instruc- 
tion's execution. The NEC 8080A initiates the Hold as though a read operation was occurring, 
while the Intel 8080A initiates the Hold operation as though a write operation was occurring. 


NEC 8080A 
HOLD 

DIFFERENCES 



^optional, dtptndtrtg on instruction being executed 


Figure 4-9A. Floating of Data and Address Busses at 02 in T3, for READ Operation Being Completed Prior 

to Onset of Hold State 


4-17 






Figure 4-9B. Floating of Data and Address Busse s at ‘I>2 in T4, for a WRITE, or Any 
Non-READ Operation {RI/WO=False) 



Figure 4-1 OA. Floating of Data and Address Busses for READ Operation in a Three Clock 

Period Machine Cycle 



Figure 4-1 OB. Floating of Data and Address Busses at <I>2 in Ti, for WRITE or Any Non-READ Operation Being 

Completed Prior to Onset of Hold State 
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THE HALT STATE AND INSTRUCTION 

The Halt state is similar to the Wait state, except that it is initiated by a Halt instruction. 

The Halt state is not initiated by READY low, although READY low is a necessary requirement for the onset of the Halt 
state. This means that READY high cannot be used to terminate a Halt state. Instead, an interrupt request (INT high) 
must be used to terminate the Halt state. 

Note that if interrupts have been inhibited, the interrupt request (INT high) will never be acknowledged, and 
the only way to get out of a Halt state is to power down, then power up the CPU. 

An anomaly of the Halt state is that the Data and Address Busses may be floated by entering tfip Hold state after enter- 
ing the Halt state; that is, you can move into, and out of the Hold state while in the Halt state. 

If the Hold state is entered after the Halt state, then the Hold state must be exited by setting HOLD low before exiting 
the Halt state. 

During a HALT, a hold request signaled by HOLD will not be acknowledged if an interrupt has been requested (INT 
high) but not acknowledged (INTE high); i.e., the CPU will not enter the Hold state in the time between an interrupt 
being requested and acknowledged. Once the interrupt has been acknowledged (INTE low), the CPU may enter the 
Hold state. 

Figure 4-30 illustrates signal sequences and timing for the Halt instruction (and state). 

THE RESET OPERATION 

A RESET high signal input to the 8080A CPU will clear the Program Counter and disable interrupts. 

To properly perform the reset operation, RESET should be held high for at least three clock periods. During these 
three clock periods, reset operations are executed in the following sequence; 

® 1) The Program Counter is cleared. 

2) All interrupt requests are disabled. 

3) Internal interrupt acknowledge logic (associated with signal INTE) is cleared. 

4) Internal hold acknowledge logic (associated with signal HLDA) is cleared. 

For as long as RESET is high, all 8080A CPU operations will be suspended. 

When RESET is reset low, instruction execution will resume with a T-| clock period at the next pulse. Since the Pro- 
gram Counter contains 0000, the first instruction executed following RESET will be the instruction stored in memory 
location 0000 10, 

Interrupts remain disabled when program execution resumes. 

When you power up any 8080A system you must simultaneously reset it. Powering up does not reset or change 
anything within the 8080A. If you power up without resetting, then registers, including the Program Counter, will con- 
tain undefined data; thus program execution will immediately and erroneously begin at some random location of 
memory. , ... 

Here are two possible reset on power up logic implementations: 

First a simple logic sequence: 



RESET 
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Figure 4-11. Interrupt Initiation Sequence 
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EXTERNAL INTERRUPTS 

External logic may request ah in^^frupt at any time by setting the INT input high. An interrupt request will only 
be acknowledged if interrupts have been enabled. Normally the El (Enable Interrupts) and Dl (Disable Interrupts) in- 
structions are executed to enable and disable interrupts: however, interrupts are automatically disabled by the CPU 
during the RESET condition, and following an interrupt ackhowledge. 

The 8080A CPU outputs INTE high when interrupts have been enabled, and low when interrupts are disabled. If inter- 
rupts are enabled, then the 8080A.CPU will acknowledge an interrupt request during the next Ti clock period, on the 
rising edge of S>2. At this time INTE is set low to reflect the fact that an interrupt acknowledge automatically disables 
interrupts. Timing is illustrated in Figure 4-11. 

The 8080A CPU informs external logic that an interrupt has been acknowledged by outputting this status on 
the Data Bus: 

DO-INTA, 

Dl - RI/WO 
, D5-M1 ■ 

INTA is the principal interrupt acknowledge status: it is converted into a separate interrupt acknowledge con- 
trol signal by the 8228 System Controller. 

Once an interrupt has been acknowledged, the 8080A CPU enters an instruction fetch sequence — but with 
two differences: 

1) Program Counter increment logic is suppressed. 

2) Different statuses are output on the Data Bus during 12 - The statuses output on the Data Bus during various 
machine cycles are summarized in Table 4-3. 

The different statuses output during T2 of a normal, or a post-interrupt acknowledge instruction fetch are very 
important. 

During a normal instruction fetch sequence, MEMR is output true on D7. 

During the instruction fetch sequence which follows an interrupt acknowledge, MEMR is not output true on D7, but 
INTA is output true on DO. . 

Thus, external logic can differentiate between a normal instruction fetch and the instruction fetch sequence which 
follows an interrupt acknowledge. 

It is very important that external logic be able to differentiate between a normal instruction fetch and an interrupt 
acknowledge instruction fetch. When the interrupt is acknowledged, the Program Counter is addressing an instruction 
which will not get executed until the interrupt service routine has completed execution: 
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Therefore the first instruction executed following the interrupt acknowledge must save the Program Counter 
contents. The last instruction executed within the interrupt service routine restores the Program Counter con- 
tents.During the instruction fetch vyhich follows an interrupt acknowledge, the Program Counter increment 
logic is suppressed, because the 8080A CPU expects the object code for the first interrupt service routine in- 
struction to be supplied by the interrupting device instead of memory: 


PROGRAM 

MEMORY 


n 

h + 1 
n + 2 

^ Interrupt acknowledged 

1” ^ PC now addresses n + 3 

n + 4 

in + 5 
n + 6 
n + 7 


The object code provided by external logic diuring the Instruction fetch which follows the interrupt 
acknowledge must be the object code for an instruction which will save the Program Counter contents for sub- 
sequent retrieval. There is only one instruction which will do this and that is a subroutine CALL instruction. 

Recall from Volume I that the subroutine CALL instruction will save the current Programi Counter contents on the 
Stack, then will load a new starting address into the Program Counter. Thus, a subroutine CALL instruction satisfies the 
logical requirements for interrupt service routine initiation. 

The normal way of terminating a subroutine is via a Return instruction. This instruction loads the Program Counter 
from the top of the Stack, The Return instruction will, therefore, satisfy the logical requirements for interrupt service 
routine termination. 

There are two types of 8080A subroutine CALL instruction: the RESTART (RST) and the CALL. The RST instruction is 
a orie-byte subroutine CALL with the following object code: 


Interrupting logic provides first object code byte 
following interrupt acknowledge 


RST N instruction code: 


New Program 


XXX 1 1 


000 

N =0 

00 1 

N = 1 

0 1 0 

N =2 

oil 

, N =3 

1 0 0 

N =4 

1 0 1 

N = 5 

1 1 0 

N =6 

1 1 1 

N =7 


I 


Counter contents: OOOOOOOOOOXXXOOO . 


Therefore RST n instructions are equivalent to subroutine CALL instructions, with program execution branching as 
follows: 


Subroutine 

RST 0 branch to 0000^0 
RST 1 branch to 0008 ]0 
RST 2 branch to 0010^0 ■ 
RST 3 branch to 0018^0 , 
RST 4 branch to 0020^0 
RST 5 branch to 0028^0 
RST 6 branch to 0030^0 
RST 7 branch to 0038^0 
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The CALL instruction is a typical three-byte, direct memory addressing subroutine call: 

nnnn + 3 to Stack PROGRAM 

i MEMORY 

nnnn-1 

nnnn ■ Call subroutine 

nnnn + 1 ) Subroutine execution address 

nnnn + 2 | is ppqq 

nnnn + 3 
nnnn + 4 

The address of the instruction following the subroutine call (nnnn+3) is saved on the Stack, to be retrieved subse- 
quently by a Return instruction. The second and third CALL instruction object code bytes provide the address of the 
subroutine's first instruction; this address (ppqq) therefore is loaded into the Program Counter. 

What is not clearly understood by many 8080A users is that external logic can respond to an interrupt 
acknowledge by inserting either an RST or a subroutine CALL instruction. 

Responding to an interrupt acknowledge by inserting an RST instruction is very straightforward. The INTA status 
output during T 2 can be used to select external logic as the source of an object code, while the lack of an MEMR status 
can be used to suppress the normal instruction fetch which would occur from program memory. Thus, a simple 8-bit 
I/O buffer will generate a Restart instruction as follows: 




With a little more effort, external logic can be designed to provide a subroutine CALL instruction's object code 
following the interrupt acknowledge. Providing the INTA status is used to suppress normal program memory ac- 
cesses for the next three machine cycles, logic associated with the external interrupt request can supply the three con- 
secutive object code bytes of a normal subroutine CALL instruction. 

In a configuration that includes an 8228 System Controller, if the first object code byte received following INTA output 
is a CALL (CDis), then the 8228 System Controller outputs two more INTA statuses for the next two machine cycles. 
Now external logic can use INTA as a signal which disables normal memory accesses, selecting external logic instead. 
For more details, see the 8228 System Controller description given later in this chapter. 

If your configuration does not include an 8228 System Controller, then external logic must be quite complex if it res- 
ponds to an interrupt acknowledge with a CALL instruction. These are the operations external logic must perform: 

1) In response to INTA true, suppress normal memory references and transmit the code CDis to the CPU. This code 
must be transmitted at the proper time, as an instruction code on the Data Bus. 

2) Suppress normal memory accesses for the next two clock periods. Remember, there is no INTA true for these two 
periods. 

3) During the next two clock periods, transmit the low order half, then the high order half of the interrupt service 
routine starting address. These two address bytes must be provided out of external logic, and their timing on the 
Data Bus must conform exactly to the second and third bytes of a CALL instruction. 
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If your configuration includes an 8259 Priority Interrupt Control Unit, then this device takes care of all logic associated 
with responding to an interrupt acknowledge with a CALL; the 8259 is described later in this 

The NEC 8080A does not handle the INTA signal in the same way as the Intel 8080A. In 

response to a Call instruction executed during an interrupt acknowledge, the NEC 8080A out- 
puts INTA true for three machine cycles; in an Intel 8080A system an 8228 System Controller 
must be present for, this to occur. The NEC 8080A DO status output also differs at this time; 
see Table 4-3 for details. 

The NEC 8080A responds to Restart instructions following an interrupt acknowledge in the same way as the Intel 
8080A. 

EXTERNAL INTERRUPTS DURING THE HALT STATE 

With all 8080A devices except the NEC 8080A, interrupt acknowledge logic during a 
Halt state is as illustrated in Figure 4-11. For the NEC 8080A, however, the interrupt 
acknowledge sequence differs slightly during the Halt state only. INTE is reset low by the 

NEC 8080A on the rising edge of 02 in clock period T 2 ; this is one clock period later than il- 
lustrated in Figure 4-1 T. Note that this difference in NEC 8080A response applies only to the 
interrupt acknowledge process occurring within a Halt state. 

WAIT AND HOLD CONDITIONS FOLLOWING 
AN INTERRUPT 

An interrupt cannot be acknowledged during a WAIT or HOLD condition. However, either of these conditions may oc- 
cur following the interrupt acknowledge. For example, if there is insufficient time between Ol in T 2 and 02 in T 2 for 
external logic to fetch the required RST or CALL instruction, more time may be acquired by using the READY signal to 
generate a Wait state, as with any instruction's execution. 


THE 8080A INSTRUCTION SET 

Table 4-4 summarizes the 8080A instruction set: there is a significant departure in instruction set philosophy 
from the hypothetical microcomputer described in Volume i. 

The 8080A is most efficiently programmed by making extensive use of the Stack and of subroutines. By providing a 
variety of Jump-to-Subroutine on Condition, and Return-from-Subroutine on Condition instructions, the 8080A allows 
the execution of subroutines to become an integral part of programmed logic sequences. 

Observe that the 8080A has a number of 1 6-bit instructions; that is. instructions that operate on the 1 6-bit contents of 
the BC, DE or HL registers. These include 16-bit increment and decrement, 16-bit add, and 16-bit data moves. 


NEC 8080A 
EXTERNAL 
INTERRUPT 
DIFFERENCES 


chapter. 

NEC 8080A 
INTERRUPT 
ACKNOWLEDGE 
DIFFERENCES 


The 1 6-bit instruction XTHL is particularly useful, since by allowing the top two Stack bytes to be exchanged with the 
HL registers, an easy method is provided for switching addresses. 

The DAA instruction modifies the A register contents to generate a binary coded decimal equivalent of the original bin- 
ary value. If carries out of bit 3 or bit 7 result, these are reported in the Auxiliary Carry and Carry statusds, respectively. 
See Volume T for a discussion of the decimal adjust operation. 

There are a few differences between NEC 8080A and Intel 8080A instruction execution. 

For binary subtraction and BCD arithmetic the NEC 8080A performs operations in what is 
theoretically the "correct" fashion — which diffe.rs.from the actual implementation of the Intel 
8080A. Specifically, the NEC 8080A has a Subtract status (SUB) which is set after any addition 
is performed., Only the NEC 8080A has a Subtract status. 


NEC 8080A 
INSTRUCTION 
SET , 

DIFFERENCES 


The NEC 8080A correctly sets and resets the Auxiliary Carry status (AC) during subtract operations, identifying any 
borrow by the low order digit as follows: 


.765 
XXX 
- Y Y Y 
= Z Z Z 



Borrow here sets AC 


4 3 2 1 0 
X X X X X 
Y Y Y Y Y 
Z Z Z Z Z 


Bit No. 
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X, Y and Z represent any binary digits. 

Decimal subtraction for the Intel 8080A and NEC 8080A may be illustrated as follows, assuming the contents of 
Register B are to be subtracted from the contents of Register C: 

INTEL 8080A NEC 8080A 

MVI A,99H MOV A,B 

SUB C SUB C 

ADD B DAA 

DAA 

In the instruction sequence illustrated above for the Intel 8080A, you cannot use the Subtract instruction directly since 
it works for binary arithmetic only. You must create the nine's complement of the subtrahend by subtracting it from 99. 
Then you add the minuend to the nine’s complement of the subtrahend. Finally you decimal adjust the result. 

In the case of the NEC 8080A you may use the Subtract instruction for either binary or BCD data. 

For a complete discussion of decimal subtraction using the Intel 8080A, see 8080 Pro g rammin g for Lo g ic Desi gn, 
Chapter 7. 

The Carry and Auxiliary Carry statuses are also treated differently by the NEC and Intel 8080A. When Boolean 
instructions are executed by the Intel 8080A, the Carry status (C) is always reset; the Auxiliary Carry status 
(AC) is sometimes reset. The NEC 8080A leaves the Carry and Auxiliary Carry statuses alone when executing 
Boolean instructions. 

When the AMD 9080A executes Boolean instructions it always clears both the Carry and Auxiliary Carry 
statuses. 


THE BENCHMARK PROGRAM 

Our benchmark program is coded for the 8080A as follows; 


LOOP 


LHLD 

TABLE 

LXI 

D.IOBUF 

LDA 

lOCNT 

MOV 

B,A 

LDAX 

D 

INX 

D 

MOV 

M,A 

INX 

H 

DCR 

B 

JNZ 

LOOP 

SHLD 

TABLE 


LOAD ADDRESS OF FIRST FREE TABLE BYTE IN HL 
LOAD STARTING ADDRESS OF lOBUF IN DE 
LOAD I/O BUFFER LENGTH 
SAVE IN B 

LOAD NEXT I/O BYTE 
INCREMENT BUFFER ADDRESS 
STORE IN TABLE 
INCREMENT TABLE ADDRESS 
DECREMENT BYTE COUNT 
RETURN FOR MORE BYTES 

AT END, RESTORE ADDRESS OF FIRST FREE TABLE BYTE 


The 8080A makes very few assumptions regarding the benchmark program. 

The address of the first free byte in the data table is assumed to be stored in the first two bytes of the data table — ad- 
dressed by the label TABLE. The immediate addressing instruction LHLD loads the contents of the first two bytes of the 
data table into the H and L registers. At the end of the program, the incremented table address is restored with the 
direct addressing instruction SHLD, 

Since the I/O buffer starting address does not change, an Immediate instruction is used to load this address into the DE 
registers. 

Since the number of occupied bytes in the I/O buffer may change, a direct addressing instruction, LDA, is used to load 
this buffer length into the Accumulator. It is then moved to the B register, since the Accumulator is used to transfer 
data within the program loop. 

The 8080A program makes no assumptions regarding the location of either the I/O buffer, or the data table, but it does 
assume that the table is not more than 256 bytes long. 


These are the abbreviations used in Table 4-4: 


A 

The Accumulator 


B 

The B register ) 

These 

C 

The C register ) 


D 

The D register ) 

These 

E 

The E register j 



are sometimes treated as a register pair 
are sometimes treated as a register pair 
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H 

L 

C 

Ac 

Z 

s 

p 

SUB 

I 

12 

13 

PC 

SP 

PSW 


DATA 

DATA 16 

DEV 

REG 

s 

d 

M 

LABEL 

RP 

PORT 

ADDR 

[ 1 

u_]] 

[ ] 


+ 

A 

V 

¥- 


This register pair provides the implied memory address 


The H register \ 

The L register j 

Carry status. In Table 4-4 C refers to Carry status, not to the C register. 

Auxiliary Carry status 

Zero status 

Sign status 

Parity status 

Subtract status (present in the NEC 8080A only) 

The Instruction register 
Second object code byte 
Third object code byte 
The Program Counter 
The Stack Pointer 

The Program Status Word, which has bits assigned to status flags as follows: 


7 6 5 4 3 2 1 0 


[M 

xl^lx|p|x c| 



i±±. 



' Bit No. 


Unassigned 

SUB (NEC 8080A only) 


8-bit immediate data 
16-bit immediate data 
An I/O device 

Register A, B, C, D, E, H or L 

Source register 

Destination register 

Memory, address implied by HL 

A 16-bit address, specifying an instruction label 

A register pair: B for BC. D for DE, H for HL, SP for Stack Pointer 

An I/O port, identified by a number between 0 and FF-|6 

A 16-bit address, specifying a data memory byte 

Contents of location identified within brackets 

Memory byte addressed by location identified within brackets 

Complement of the contents of 

Move data in direction of arrow 

Exchange contents of locations on either side of arrow 
Add 

Subtract 

AND 

OR 

XOR 


The letter C is used to identify Carry status. Although C also identifies one of the 8080A 8080A 

registers, registers are always referenced generically in Table 4-4. CARRY 

STATUS 

NOMENCLATURE 
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Table 4-4. A Summary of 8080A/9080A Microcomputer Instruction Set 








STATUSES 



TYPE 

MNEM0I4IC 

OPERANDISI 

BYTES 






OPERATION PERFORMED 


D 

2 










IN 

DEV 


■ 

B 

B 

B 

B 

B 

[Al— IDEV] 

O 










Input to A from device DEV (DEV = 0 to 255) 


OUT 

DEV 





9 

9 

9 

IDEVI-IA] 




■i 

■ 

■ 

9 

9 

9 

9 

Output from A to device DEV (DEV = 0 to 255) 


LDAX 

RP 


■ 

■ 

B 

■ 

B 

HI 

lAl-KRP]) 











Load A using address implied by BC (RP = B) or DE (RP = D) 


STAX 

RP 








(IRPII-IA) 

UJ 

o 








■ 

■ 

Store A using implied addressing as for LDAX 

2 

UJ 

MOV 

REG.M 








[REGJ— IIH.L]] 











Load any register using address implied by HL 

< UJ 

MOV 

M.REG 








IIH.L)]— IREG) 

S ^ 

7^ > 








■ 

■ 

Store any register using address implied by HL 


LDA 

ADDR 








[A]— lADDR], i.e.. [A] — [[13. 12]] 

s 










Load A, use direct addressing 

s 

STA 

ADDR 








[ADDRl — [Al. i.e., [[13. 12)] — [A] 











Store A, use direct addressing 


LHLD 

ADDR 








[Ll— [ADDR], [H] — [ADDR+ 1], i.e., [Ll — [[13, 12]], [H]^[[I3, 12] + 1] 











Load H and L registers, use direct addressing 


SHLD 

ADDR 








[ADDR] — [L], [ADDR+ n — [H] i.e., [[13. 12]] — [L], [[13, 12] + 1] — [H] 




n 

■ 

■ 

9 

9 

9 

9 

Store H and L registers, use direct addressing 


ADD 

M 

1 

■■ 

9 

X 

X 

X 

9 

[A]-[A]+ [[H.L]] 





m 

H 




B 

Add to A 


ADC 

M 

1 



X 

X 

X 


[A]-[A]+ [[H,L]]+ [C] 

UJ 

O 




H|H 





H 

Add with Carry to A 

SUB 

M 

1 

kI 

9 

X 

X 

X 

9 

[A1-[A]- [[H,L]] 

UJ 




m 

H 




B 

Subtract from A 


SBB 

M 

1 


9 

X 

X 

X 

9 

IA1-[A]- [[H,Lj]- [C] 

UJ H 




m 






Subtract from A with borrow 


ANA 

M 

1 

H*^9 

Xf 

X 

X 

X 


[Al-U] A [H.L]] 

O o 










AND with A 


XRA 

M 

1 

o** 

Of 

X 

X 

X 


[A]-(A]V[[H.L]i 

s g 










Exclusive-OR with A 

K ^ 

ORA 

M 

1 

0»* 

ot** 

X 

X 

X 


IA1-[A]V [[H,L]] 

gl 










OR with A 

2 

CMP 

M 

1 

B 

X 

X 

X 

X 

1 

[A] - [[H,L]]. Discard result but set flags. 

u 










Compare with A 

M 

INR 

M 

1 


x»* 

X 

X 

X 


l[H.L]]-[[H,L]]+1 











Increment memory 


DCR 

M 

1 


x»* 

X 

X 

X 


[[H,L]]-[[H,L]]-1 





1 






Decrement memory 




















4-28 


Table 4-4. A Summary of 8080A/9080A Microcomputer Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

C 

m 


s 




LXI 

RP.DATAie 

mm 

■ 

m 

■ 

■ 

■ 

■ 

[RPl— DATA16 











Load 16-bit immediate data into BC (RP = B), DE (RP = D). 

5 

MVl 

M.DATA 



1 

I 

H 

H 

H 

HLtRP =H)orSP(RP =SP) 

5 










[[H,L]I— DATA 

111 

S- 





1 

H 

1 

m 

m 

Load 8-bit immediate data into memory location with address 

- s 





■ 

■ 

■ 

m 

m 

implied by HL 


MVI 

REG, DATA 

2 


■ 

m 

■ 

■ 

■ 

t REG]— DATA 





■ 

■ 

m 

■ 

■ 

■ 

Load 8-bit immediate data into any register 


JMP 

ADDR 


■ 

■ 

n 

■ 

■ 

■ 

(PC]— ADDR 

Q. 

s 










Jump to Instruction with label ADDR 


PCHL 




1 

II 


H 

H 

[PC]— IH.L] 





■ 

■ 

■ 

■ 

■ 

■ 

Jump to instruction at location implied by HL 


CALL 

ADDR 

3 







l[SP]J— [PC], [PC] — ADDR, [SP] — [SPl-2 











Jump to subroutine starting at ADDR 


CC 

ADDR 

3 







[[SP]] — [PC], [PC] — ADDR, [SP] — [SP]-2 











Jump to subroutine if C = 1 


CNC 

ADDR 

3 







[[SP]] — [PC], [PC] — ADDR, [SP] — [SPl-2 











Jump to subroutine if C = 0 


CZ 

ADDR 

3 







[[SP]] — [PC], [PCI — ADDR, [SP] — [SP]-2 











■ Jump to subroutine if Z = 1 

z 

CNZ 

ADDR 

3 







[[SP]] — [PC], [PCI — ADDR, [SP] — [SP]-2 

ee 










Jump to subroutine if Z:= 0 

t b 

CP 

ADDR 

3 







[[SP]] — [PC], [PC] — ADDR, [SP] — [SPl-2 

tc < 










Jump to subroutine if S = 0 


CM 

ADDR 

3 







[[SP]] — [PC], [PC] — ADDR, [SP] — [SPl-2 

< Q 
_1 Z 










Jump to subroutine if S = 1 

J < 

CPE 

ADDR 

3 







[[SP]]— [PC], [PC] — ADDR, [SP] — [SP]-2 

b H 










Jump to subroutine if even parity 

i o 

CPO 

ADDR 

3 







[[SP]]— [PC], [PC]— ADDR, [SP] — [SP]-2 

3 5 










Jump to subroutine if odd parity 

§ 1 

RET 


1 







[PC]— [[SP]],[SP] — [SPl + 2 

CQ ^ 

3 










Return from subroutine 

(A 

RC 


1 







[PC]— [[SP]], [SP]-[SP] + 2 ' 











Return from subroutine if C = 1 


RNC 


1 







[PC]— [[SP]], [SP] — [SPl + 2 











Return from subroutine if C = 0 


RZ 


1 







[PC]— [[SP]], [SP] — [SP] + 2 











Return from subroutine if Z = 1 


. RNZ 


1 . 







[PCI— [[SP]], [SP] — [SP] + 2 











Return from subroutine if Z = 0 


RM 


1 







[PC]— [[SP]], [SP] — [SPl + 2 











Return from subroutine if S = 1 
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Table 4-4. A Summary of 8080A/9080A Microcomputer Instruction Set (Continued) 








STATUSES 



TYPE 

MNEMONIC 

OPERAND(S) 







operation’performed 


0 

m 









o 5 

2 w uj 

5 - 3 

J - s 

RP 


■ 

1 

1 

1 

1 

1 

1 

(PCI— flSPll. [SPl— tSP] + 2 

< “i z 










Return from subroutine if S = 0 

UJ s o 

RPE 









tPCl— [[SP]]. [SPl— ISPl + 2 

iis 

RPO 


■ 

1 

1 

1 

1 

1 

1 

Return from subroutine if even parity 
[PC]— [[SPll. [SPl— [SPl + 2 

Return from subroutine if odd parity 

3 E Q 
W z 

< 



■ 

■ 

■ 

■ 

■ 

■ 

■ 



ADI 

DATA 

2 

X 

X 

X 

X 

X 

0 

[Al— [Al + DATA 











Add immediate to A 


ACI 

DATA 

2 

X 

X 

X 

X 

X 

D 

[Al — [ Al + DATA + [Cl 

UJ 










Add with carry immediate to A 

< 

SUI 

DATA 

2 

X 

X 

X 

X 

X 

B 

[Al — [Al-DATA 

UJ 









B 

Subtract immediate from A 

o 

SBI 

DATA 

2 

X 

X 

X 

X 

X 

B 

[Al-[Al-DATA-[Cl ^ 

t 









B 

Subtract immediate with borrow from A 

s 

AM 

DATA 

2 

0*» 

xt 

X 

X 

X 

B 

[A1-[A1 ADATA 

UJ 

s 









B 

AND immediate with A 

s 

XRI 

DATA 

2 

0** 

0“ 

X 

X 

X 

■ 

(Al— [Al¥DATA 










B 

Excliisive-OR immediate with A 


ORI 

DATA 

2 

0»* 

0** 

X 

X 

X 

B 

(Al— [Al V.DATA 










B 

OR immediate with A , 


CPI 

DATA 

2 

X 

X 

X . 

X 

X 

■ 

Compare immediate with A ^ 


JC 

ADDR 

■M 

■ 

■ 

■ 

■ 

■ 

■ 

[pel- ADDR 











Jump if C = 1 


JNC 

ADDR 








[PCI— ADDR 







■ 


■ 

n 

Jump if C = 0 

o 

JZ 

ADDR 








[PCI— ADDR 

H 










Jump if Z * 1 

i 

JNZ 

ADDR 








[PCI — ADDR 

o 









B 

Jump if Z = 0 

z 

JP 

ADDR 







B 

[PCI— ADDR 

0 . 










Jump if S = 0 

s 

JM 

ADDR 







H 

[PCI— ADDR 


JPE 

ADDR 

mU 

■ 

■ 

■ 

■ 

■ 

1 

Jump if S = 1 . 

[PCI— ADDR 











Jump on even*parUy 


JPO 

ADDR 








[PCI— ADDR 





■ 

■ 

1 

■ 

1 

1 

Jump on odd parity 
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Table 4-4. A Summary of 8080A/9080A Microcomputer Instruction Set (Continued) 



OPERATION PERFORMED 



Rotate A right with carry 
[RP]— lRPl+1 

Increment RP. RP = BC. DE, HL or SP^ 
[RP]— [RPl-1 

Decrement RP 


[[SPJ1~[RP]. [SPl— [SP]-2 \ 

Push RP contents onto stack > RP = BC, 
[RPl— [[SP]1, [SPl— [SPl + 2 j 
Pop stack into RP 

[H,L] [tSP]] 

Exchange HL with top of stack 


Enable interrupts 
Disable interrupts 

Restart at addresses 8*N. N =0 through 7. 


(Cl-1 
Set Carry ■ 

(Cl-iFl 

Complement Carry 


No operation 
Halt ’ 


BC, DE. HL or PSW 


























Table 4-5. A Summary of Instruction Object Codes 
and Execution Cycles 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

FIGURE 

ACi 

DATA 

CE YY 

2 

7 

4-15 

ADC 

REG 

10001XXX 

1 

4 

4-12 

ADC 

M 

8E 

1 

7 

4-15 

ADD 

REG 

10000XXX 

1 

4 

4-12 

ADD 

M 

86 

1 

7 

4-15 

ADI 

DATA 

C6 YY 

2 

7 

4-15 

ANA 

REG 

10100XXX 

1 

4 

4-12 

ANA 

M 

A6 

1 

7 

4-15 

ANI 

DATA 

E6 YY 

2 

7 

4-15 

CALL 

LABEL 

CD ppqq 

3 

17 

4-26 

CC 

LABEL 

DC ppqq 

• 3 

11/17 

4-26 

CM 

LABEL 

FC ppqq 

3 

11/17 

4-26 

CMA 


2F 

1 

4 

4-12 

CMC 


3F 

1 

4 

4-12 

CMP 

REG 

10111XXX 

1 

4 

4-12 

CMP 

M 

BE 

1 

7 

4-15 

CNC 

LABEL 

D4 ppqq 

3 

11/17 

4-26 

CNZ 

LABEL 

C4 ppqq 

3 

11/17 

4-26 

CP 

LABEL 

F4 ppqq 

3 

11/17 

4-26 

CPE 

LABEL 

EC ppqq 

3 

11/17 

4-26 

CPI 

DATA 

FE YY 

2 

7 

4-15 

CPO 

LABEL 

E4 ppqq 

3 

11/17 

4-26 

CZ 

LABEL 

CC ppqq 

3 

11/17 

4-26 

DAA 


27 

1 

4 

4-12 

DAD 

RP 

00XX1001 

1 

10(11)* 

4-20 

DCR 

REG 

ooxxxioi 

1 

5 

4-13 

OCR 

M 

35 

1 

10 

4-14 

DCX 

RP 

00XX1011 

1 

5 

4-13 

Dl 


F3 

1 

4 

4-12 

El 


FB 

1 

4 

4-12 

HLT 


76 

1 

7 

4-30 

IN 

PORT 

DB YY 

2 

10 

4-28 

INR 

REG 

0OXXX10O 

1 

5 

4-13 

INR 

M 

34 

1 

10 

4-14 

INX 

RP 

0OXX001 1 

1 

5 

4-13 

JC 

LABEL 

DA ppqq 

3 

10 

4-22 

JM 

LABEL 

FA ppqq 

3 

10 

4-22 

JMP 

LABEL 

C3 ppqq 

3 

10 

4-22 

JNC 

LABEL 

D2 ppqq 

3 

10 

4-22 

JNZ 

LABEL 

C2 ppqq 

3 

10 

4-22 

JP 

LABEL 

F2 ppqq 

3 

10 

4-22 

JPE 

LABEL 

EA ppqq 

3 . 

10 

4-22 

JPO 

LABEL 

E2 ppqq 

3 

10 

4-22 

JZ 

LABEL 

CA ppqq 

3 

10 

4-22 

LDA 

ADDR 

3A ppqq 

3 

13 

4-24 

LDAX 

RP 

000X1010 

1 

mm 

4-15 

LHLD 

ADDR 

2A ppqq 

3 

■■ 

4-17 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

FIGURE 

LXI 

RP,DATA16 

00XX0001 

3 

10 

4-22 


■S ■■ 

YYYY 




MOV 

REG, REG 

Oldddsss 

1 

■ ‘ 5(4)* 

4-13 

MOV 

M;REG 

OniOsss 

1 

7 

4-16 

MOV 

.REG.M 

OldddllO 

1 

7 

4-15 

MVI 

REG, DATA 

OOdddllO 

2 

7 

4-15 


1 

YY 




MVI 

M.DATA 

36 , YY 

2 

10 

4-14 

NOP 


00 

1 

4 

4-12 

ORA 

REG 

10110XXX 

1 

4 

4-12 

ORA 

M 

B6 

1 

7 

4-15 

ORI • 

DATA 

F6 YY 

2 

7 

4-15 

OUT 

PORT 

D3 YY 

2 

10 

4-29 

PCHL 


E9 

1 

5 

4-13 

POP 

RP 

11XX0001 

1 

10 

4-19 

PUSH 

RP 

11XX0101 

1 

11 

4-18 

RAL 


17 

1' 

4 

4-12 

RAR 


IF 

1 

4 

4-12 

RC 


D8 

1 

5/11 

4-27 

RET 


C9 

1 

lodiy 

4-19 

RLC 


07 

1 

4 

4-12 

RM 


F8 

1 

5/11 

4-27 

RNC 


DO 

1 

5/11 

4-27 

RNZ 


CO 

1 

5/11 

4-27 

RP 


FO 

1 

5/11 

4-27 

RPE 


E8 

1 

5/11 

4-27 

RPO 


EO 

1 

5/11 

4-27 

RRC 


OF 

1 

4 

4-12 

RST 

N 

11XXX111 

1 

11 

4-18 

RZ 


C8 

1 

5/11 

4-27 

SBB 

REG 

10011 XXX 

1 

4 

4-12 

SBB 

Ivi 

9E 

1 

7 

4-15 

SBI 

DATA 

DE YY 

2 

7 

4-15 

SHLD 

ADDR 

22 ppqq 

3 

16 

4-25 

SPHL 


F9 

1 

■5(4)* 

4-13 

STA 

ADDR 

32 ppqq 

3 

13 

4-23 

STAX 

RP 

(WOXOOlO 

1 

7 

4-16 

STC 


37 ■ 

1 

4 

4-12 

SUB 

REG 

10010XXX 

1 

4 

4-12 

SUB 

M 

96 

1 

7 

4-15 

SUI 

DATA 

D6 YY 

2 

7 

4-15 

XCHG 


EB 


4 

4-12 

XRA 

REG 

10101XXX 

1 

4 

4-12 

XRA 

M 

AE 

1 

7 

4-15 

XRI , 

DATA 

EE YY 

2 

7 

4-15 

XTHL. 


E3 

1 ■ 

18(17)* 

4-21 


ppqq represents four hexadecimal digit memory address 
YY represents two hexadecimal data digits 
YYYY represents four hexadecimal data digits 
X represents an optional binary digit 

ddd represents optional binary digits identifying a destination register 

sss . represents optional binary digits identifying a source register 

• The NEC 8080A has five instructions with unique execution times, defined above by 
:(N)* where N is the number of NEC 8080A instruction cycles. 
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INSTRUCTION EXECUTION TIMES AND CODES 

Table 4-5 lists instructions in alphabetic order, showing object codes and execution times, expressed as 
machine cycles. 

Where two instruction cycles are shown, the first is for "condition not met" whereas the second is for "condi- 
tion met". 


Detailed timing for instructions is provided by Figures 4-12 through 4-30. Table 4-5 identifies the timirig diagram that 
applies to each instruction. 

Instruction object codes are represented as two hexadecimal digits for instructions without variations. 

Instruction object codes are represented as eight binary digits for instructions with variations; the binary digit 
representation of variations is then identifiable. 

The NEC 8080A has four instructions with execution times that differ from the Intel 
8080A. These four instructions are the Register Move (MOV), the Return (RET), the 1 6-bit Add 
(DAD), and the Exchange instructions XTHL and SPHL. 


NEC 8080A 
INSTRUCTION 
EXECUTION 
TIME 

DIFFERENCES 



Figure 4-12. Signal Sequences and Timing for Instructions: 

STC, CMC. CMA. NOP. RLC, RRC. RAL, RAR, XCHG, El, 

Dl, DAA. ADD R, ADC R. SUB R. SBB R. ANA R, XRA R. ORA R, CMP R 
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>> 



Figure 4-13. Signal Sequences and Timing for Instructions; 
INR, DCR, MOV REG REG. SPHL. PCHL, OCX. INX 
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Figure 4-15. Signal Sequences and Timing for Instructions: 

LDAX, MOV REG M, ADI, ACI, SUI, SBI, ANI, XRI, ORI, CPI, MVI R, ADD M, 
ADC M, SUB M, SBB M, ANA M, XRA M, ORA M, CMP M 



Figure 4-16. Signal Sequences and Timing for Instructions: 
STAX,. MOV M REG 
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Figure 4-19. Signal Sequences and Timing for Instructions: 
POP. RET 




















Instruction 

Execute 


MCI 


MC2 

MC3 

Tl 

T2 

T3 

T4 

Tl 

T2 

T3 

Tl 

T2 

T3 


‘■’1 

< 1.2 

SYNC 

READY A 
WAIT -A 
DBIN 

WR V~\. 


■■■■■I 


HI 


and Timing for Instructions; 


■nngjgiHmBHffiiHinnliiiininn 


gBM 
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figure 4-24. Signal Sequences and Timing for Instructions: 
LDA 
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Figure 4-26. Signal Sequences and Timing for Instructions: 
CALL. CNZ, CZ. CNC. CC. CPO. CPE. CP. CM 
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If Condition Test Fails. 



Figure 4-27. Signal Sequences and Timing for Instructions: 
RNZ, RZ. RNC, RC, RPO, RPE. RP. RM 
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Figure 4-28. Signal Sequences and Timing for Instructions; 
IN 
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Figure 4-29. Signal Sequences and Timing for Instructions: 
OUT 
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Figure 4-30. Signal Sequences and Timing for Instructions; 
HLT 



















SUPPORT DEVICES THAT MAY BE USED 
WITH THE 8080A 

Of the microprocessors described in this book, none have a wider variety of support devices than the 8080A. 
These support devices are described in the rest of Chapter 4 and in Volume III. Most of the devices described 
were originally developed by Intel, although a few were not. Note that the 8224 Clock Generator and the 8228 
System Controller devices are used so routinely \with the 8080A that they frequently are looked upon as a three-chip 
CPU. An exception to this three-chip concept is the TMS 5501 made by Texas Instruments; it cannot be used with an 
8228 System Controller. ' 

A number of general-purpose support devices are described in Volume III. These are support devices that may be used 
with any microprocessor and are specific to none. 

One generalization that can be made regarding 8080A support devices is that the 8080A is so well endowed with sup- 
port logic that it will rarely make much sense to use another microprocessor’s support part in preference. 

It is very difficult to use 6800 support devices with the 8080A because 6800 support devices require a synchronizing 
strobe signal which is difficult to generate within an 8080A system. 

THE 8224 CLOCK GENERATOR AND DRIVER 

The primary purpose of this device is to provide the 8080A CPU with its required 4>1 and 02 clock signals. Coin- 
cidentally, the 8080A READY and RESET inputs are created, with correct synchronization. Recall that these two 
signals must be synchronized with 02. 

Logic implemented on the 8224 Clock Generator corresponds generally to the block labeled "Clock Logic" in 
Figure 4-1 . To be completely accurate, however, a small portion of the Bus Interface Logic should also be illustr- 
ated as provided by the 8224 device. 

8224 CLOCK GENERATOR PINS AND SIGNALS 

8224 pins and signals ^re illustrated in Figure 4-31. Figure 4-33 illustrates the 8224 connected to an 8080A 
CPU and an 8228 Systepn Controller. 

Signals may be divided between timing logic and control logic. 

Clock frequency is controlled by a crystal connected to the XTAL1 and XTAL2 pins. Crystal , 
frequency must be exactly nine times the required clock frequency. The fastest clock period 
supported today is 250 nanoseconds, provided by the AMD 9080A. 500 nanosecond clock 
periods are standard. Since crystal frequency has to be nine times the clock frequency, the usual 
500 nanosecond clock will require an 18 MHz frequency crystal. 

If an overtone mode crystal is employed, then it must be supported by an external LC network, connected to 
the TANK input. This is standard clock logic practice; microprocessor clock logic represents no special case, therefore 
we will not discuss overtone mode crystals further. 


8224 

CLOCK 

SIGNALS 
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PIN NAME 
RESET 
RESiN 
RDYIN 
READY 
SYNC 
<I'2(TTL) 
STSTB 

XTAL1,XTAL2 
TANK 
OSC 
<t>1, «I>2 

Vcc-Vdd-^^ND 


DESCRIPTION 

TYPE 

Control signal output to 8080A 

Output 

Reset logic input 

Input 

Ready logic input 

Input 

Control signal output to 8080A 

Output 

Control signal input from 8080A 

Input 

TTL level duplicate of <I>2 

Output 

Sync signal output to 8228 

Output 

External crystal connections 

Input 

Overtone crystal extra input 

Input 

Crystal oscillator waveform 

Output 

Clock signals to 8080A 

Output 

Power and Ground 



Figure 4-31. 8224 Clock Generator Signals and Pin Assignments 


The principal clock signals output are <l>1 and $2, as required by the 8080A CPU. These two clock signals are 
derived from a divide-by-nine counter that defines Ol and 4*2 as follows: 



Two additional timing signals are output: 

The crystal oscillator frequency is output as OSC. 

A TTL level duplicate of 4>2 is also output for general use within the microcomputer system. 

The RESET input signal required by the 8080A CPU is usually generated by special external logic to provide 
sharp signal edges and synchronization with the 4>2 clock pulse. Consider one common use of RESET — to detect 
power failure. A vague input may have to be converted into a crisp RESET as follows: 


Threshold 
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The 8224 Clock Generator will accept a sloppy input, as illustrated above by RESIN, and in response will create 
a sharp RESET output that conforms to the requirements of the 8080A CPU. A Schmitt trigger within the logic of 
the 8224 clock chip creates the appropriate reset logic level change when RESIN falls below a threshold level. 

RESET is also frequently connected to manually operated switches: this allo ws the microcomputer system to be reset 
by human intervention. The following simple circuit creates the appropriate RESIN input to the 8224 Clock Generator 
so that either power failure or an external switch may reset the CPU: 


Vcc (Power fail detect source) 



READY logic accepts an asynchronous RDYIN signal and creates a synchronous READY input to the 8080A 
CPU: 



One further signal created by the 8224 Clock Generator is the status strobe signal STSTB, which is required by 
the 8228 System Controller. This signal is of very little interest to a user since it simply accepts an 8080A SYNC out- 
put and converts it into the required 8228 STSTB input. , 

When comparing the 8080A microcomputer system with other devices, it would be inaccurate to dismiss the 
8224 Clock Generator simply as an additional device — which must be added to an 8080A system, supplying 
logic which is commonly found on competing CPU chips. Do not forget the reset logic capability provided by the 
8224 Clock Generator. ' ' 

it can be argued that the 8080A CPU creates an artificial restriction — that RESET and READY inputs must.be syn- 
chronized yvith <&2: therefore the fact that the 8224 does this for you, simply eliminates a self imposed problem that 
should never have been there in the first place. This reasoning has merit, but the ability of the 8224 to receive a ragged 
RESIN input is a valuable feature that should not be overlooked. 

THE 8228 AND 8238 SYSTEM CONTROLLER AND BUS DRIVER 

The 8228 System Controller consi sts of a bidir ectional bus driver, plus control signal generation logic. The 8238 
System Controller advances l/OW and MEMW to give large memories more time to respond to a memory write. 

BUS DRIVER LOGIC 

A large nunriber of memory and I/O devices may be connected directly to the 8228 bidirectional Data Bus; such 
connections' to the 8080A Data Bus would not be feasible. Remember, memory devices leak current even when 
they are not selected: therefore, even the passive load of unselected memory devices connected directly to an 8080A 
CPU will leak more current than is available. 
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When comparing the 8080A microcomputer system with an alternate microcomputer system, you should look 
carefully at the fan out provided by the alternate CPU. 

If the alternate CPU busses need to be buffered, then the 8228 System Controller becomes the equivalent 8080A 
system device; as such it does not represent an economic liability. 

If the alternate CPU busses do not need to be buffered, then the 8228 System Controller represents an additional 
device, peculiar to the 8080A system. 

CONTROL SIGNAL LOGIC 

The 8228 combines the three 8080A control signals: WR. DBIN and HLDA, with the statuses output on the 
Data Bus during Jz in order to generate bus control signals as follows: 

MEMR status on D7 true, with DBIN true generates MEMR true 
OUT status on D4 false, with WR true generates MEMW true 
INP status on D6 true, with DBIN true generates I/OR true 
OUT status on D4 true, with WR true generates l/OW true 
INTA status on DO true generates INTA true 



^CC 

l/OW 

MEMW 

I/OR 

MEMR 

INTA 

BUSEN 

06 

DB6 

05 

0B5 

01 

OBI 

OO 


PIN NAME 

OESCRIPTION 

TYPE 

00-07 

Oata Bus connection to CPU 

Bidirectional 

OBO - 0B7 

Oata Bus to external logic 

Bidirectional 

STSTB 

Status strobe input from 8224 

Input 

HLOA 

Hold acknowledge input from CPU 

Input 


Oata output strobe, input from CPU 

Input 

OBIN 

Oata input strobe, input from CPU 

Input 

l/OW 

I/O write control output 

Output 

MEMW 

Memory write control output 

Output 

I/OR 

I/O read control output 

Output 

MEMR 

Memory read control output 

Output 

INTA 

Interrupt acknowledge control 

Output 

BUSEN 

OB Bus float/enable control input 

Input 

Vcc. gno 

Power and Ground 



Figure 4-32. 8228 System Controller Signals and Pin Assignments 

8228 SYSTEM CONTROLLER PINS AND SIGNALS 

8228 pins and signals are illustrated in Figure 4-32. 

DO through D7 represent the bidirectional Data Bus connection between the 8228 System Controller and the 8080A 
CPU: it is referred to as the "Processor Data Bus". 

DBO through DB7 represent the high fan out, bidirectional Data Bus accessed by external logic; it is referred to as the 
"System Data Bus". 
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WR, DBIN and HLDA represent the control signals of the same name that are output by the 8080A CPU 
All control bus signals use active low logic and may be defined as follows: 

MEMR — a read from memory strobe 
MEMW — a write to memory strobe 
I/OR — a read from external I/O strobe 
l/OW — a write to external I/O strobe 
INTA — interrupt acknowledge 
Control signal timing is given in Figure 4-34. 

The interrupt acknowledge signal INTA has two special features which need to be explained. This signal may be 
tied to a -FI 2 Volt power supply through a 1 K Ohm resistor, in which case 8228 logic assumes that there is only one 
possible interrupting source within the microcomputer system. Now the 8228 will automatically insert the object 
code for an RST 7 instruction in response to the interrupt acknowledge. This means that external logic does not 
need to supply the first post-interrupt instruction's object code. Of course, this means that all interrupt service routines 
effectively begin with the execution of an RST 7 instruction. 

If external logic responds to the INTA low pulse by supplying the first byte of a CALL i nstru ction's object code 
(11001101), then the 8228 System Controll er wi ll automatically generate two more INTA low pulses for the 
next t wo m achine cycles. See Figure 4-34 for INTA pulse timing within the machine cycle. Now external logic can 
use the INTA pulse as a memory deselect and an interrupt acknowledge logic select. Here is a very general illustration 
of external logic that responds to an interrupt acknowledge by supplying the CPU with a three-byte CALL instruction's 
object code: 



Program memory 
select (High true) 
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Recall that the NEC 8080A generates three INTA low output pulses in response to a Call instruction object code being 
returned during the interrupt acknowledge process. But the NEC 8228 System Controller does not assume that these 
three low INTA pulses will occur. Thus the NEC 8228 System C ontro ller may be used with an NEC 8080A or any 
other 8080A. In every case the NEC 8228 will generate three low INTA output pulses when external logic responds to 
an interrupt acknowledge by providing a Call instruction object code. 

The status s trobe STSTB which is output by the 8224 Clock Generator is a variation of the SYNC output from the 
8080A CPU. STSTB synchronizes the 8228 System Controller and is of no other concern to an 8080A user. 

BUSEN is an external input to the 8228 System Controller. This is a very useful signal because it allows external 
logic to float the Data Bus. When this signal is input low, the bidirectional bus driver logic of the 8228 System 
Controller presents a high impedance to the external Data Bus, thus allowing external logic to gain access to 
this bus. 

Figure 4-33 illustrates the way in which the 8080A CPU normally combines with the 8224 Clock Generator and the 
8228 System Controller. These three devices are frequently looked upon as a single entity. 

THE 8259 PRIORITY INTERRUPT CONTROL UNIT (PICU) 


This is a very flexible, programmable inter rupt handling device: it provides a CALL instruction's object code in 
response to three interrupt acknowledge (INTA) signals: the 8228 System Controller responds to an interrupt 
acknowledge in this fashion, as described earlier in this chapter. Therefore the 8259 PICU should be looked 
upon as a companion to the three-chip (8080A, 8224, 8228) microprocessor system. 

The 8259 PICU cannot be used with non-8080A systems. 

A single 8259 PICU with an 8080A microcomputer system will handle up to eight external interrupts, providing 
a variety of programmable interrupt priority arbitration schemes. 

Alternatively, an 8080A microcomputer system may have a single 8259 PICU designated as a master, controll- 
ing up to eight additional 8259 PICUs designated as slaves. This allows a maximum of 64 levels of interrupt 
priority. Priority arbitration schemes may be set independently for the master and for each slave, resulting in a 
bewildering profusion of priority arbitration possibilities. 

Use extreme caution before including master and slave PICUs within an 8080A microcomputer system. When 
an application is implemented around a microprocessor with the general speed and performance characteristics 
of an 8080A, then it is usually more efficient to handle numerous external request lines using multiple CPU con- 
figurations and/or programmed polling techniques, rather than interrupts. 

The 8259 PICU is fabricated using NMOS technology: it is packaged in a 28-pin plastic DIP. All outputs are TTL 
compatible. 

With reference to the standard logic functions' illustration used throughout this book, the box marked "Interrupt 
Priority Arbitration" represents the functions implemented by the 8259 PICU. But it is hard to equate the large number 
of options provided by the 8259 PICU with the interrupt logic provided by other microcomputer systems. An applica- 
tion that needs the 8259 PICU would certainly not be satisfied by Interrupt Priority control logic provided by almost any 
other device described in this book. 

8259 PICU PINS AND SIGNALS 

8259 PICU pins and signals are illustrated in Figure 4-35: we will summarize these signals, then discuss how 
the PICU is used. 

From the programmer's point of view, the 8259 PICU will be accessed either as two I/O ports, or as two memo- 
ry locations. CS is a typical chip select and AO identifies one of two I/O ports or memory locations. The way you, 
as a programmer, must interpret the function of each 8259 PICU I/O port or memory location depends on an intricate 
logical sequence. 

The two 8259 addressable locations are accessed via the Data Bus (DO - D7). 

lOR and lOW are standard read and writ e co ntrol signa ls. If the 8259 PICU is being accessed as two I/O ports, then 
these two signals will be connected to the I/OR and l/OW controls outp ut b y the 8228 System Controller: on th e other 
han d, if the 8 259 PICU is being accessed as two memory locations, then lOR and lOW must be connected to the MEMR 
and MEMW controls output by the 8228 System Controller. 

External devices requesting interrupt service have their request signals connected to IRQ - IR7. A high level on 
any one of these signals will be interpreted as an interrupt request. An interrupt request is passed on to the CPU via 
the INT signal. This is illustrated in Figure 4-36. 
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In a configuration that includes master and slave 8259 PICUs external logic will connect to the interrupt request 
signals (IRO - IR7) of the slave PICUs only. The INT outputs of the slave PICUs will be connected to the interrupt re- 
quests (IRQ - IR7) of the master PICU. This is illustrated in Figure 4-37. 

When more th£n one 8259 PICU is present in a system. SP identifies the master and slave units. SP high defines the 
master, while SP low forces an 8259 PICU to operate as a slave. SP also determines the sense of the three cascade 
lines (CO, Cl, C2): these are output lines from the master and input lines to a slave. 

The 8080A CPU provides the standard interrupt acknowledge via INTA. This interrupt acknowledge will be 
received by all 8259 PICUs in the system, master or slave. 

In a system that includes a master 8259 PIC U only , the three bytes of a CALL instruction's object code are out- 
put via the Data Bus in response to the three INTA control signals arriving from the 8228 System Controller. The 

second and third bytes of the CALL instruction's object code provide an address which is unique to the selected inter- 
rupt request. 

In a configuration that includes master and slave 8259 PICUs, the master PICU outputs the first byte of a CALL 
instruction's object code; the master also outputs a value between 000 and 111 via the three cascade lines 
(CO - C2). This three-bit binary value identifies the interrupt request level being acknowledged — and therefore 
the slave PICU being selected. The selected slave PICU p rovide s the second and third bytes of the CALL in- 
struction's object code in response to the second and third INTA pulses output by the 8228 System Controller. 
Thus the slave PICU identifies the interrupt request level it is acknowledging. 

The interrupt acknowledge logic of the 8259 PICU is referred to as "Vectoring". Let us examine 8259 vectoring 
in more detail. 



PIN NAME 
CS 
AO 

DO - D7 

lOR 

low 

IRO - IR7 

INT 

INTA 

W 

C0-C2 


Vcc- GND 


DESCRIPTION 
Device Select 

Identifies PICU as one of two 
I/O ports or memory locations 
Data Bus 

Read control signal 
Write control signal 
Interrupt request lines to PICU 
Interrupt request sent by PICU 
Interrupt acknov/ledge 
Identifies PICU as either master 
or slave 

Cascade lines select slave in 
multiple PICU systems 
Power and Ground 


TYPE 

Input 

Input 

Tristate, Bidirectional 
Input 
Input 
' Input 
Output 
Input 
Input 

Output on master 
Input on slave 


Figure 4-35. 8259 Priority Interrupt Control Unit Signals And Pin Assignments 
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THE 8259 PIGU INTERRUPT ACKNOWLEDGE VECTOR 

Vectoring is a general term used to identify an interrupt acknowledge sequence which results in the immediate 
identification of the interrupting external source. With a non-vectored interrupt acknowledge, the CPU must ex- 
ecute some instruction sequence whose sole purpose is to identify the source of the interrupt — and that assumes 
more than one possible external interrupting source. 

Recall that when an interrupt request is 'acknowledged by a thr ee-dev ice 8080A microprocessor 
system, the 8228 Syst em C ontroller outputs a low pulse on the INTA control line. External logic 
must interpret the low INTA pulse as a signal to bypass normal instruction fetch logic, and provide 
the object code for the first instruction to be executed following the interrupt acknowledge. (If this 
is new to you, refer to our discussion of the8080A and 8228 devices.) If a C ALL instruction's ob- 
ject code (CD 10 ) is returned to the 8228 System Controller, then low INTA pulses are output for 


8080A 
INTERRUPT 
RESPONSE 
USING CALL 
INSTRUCTION 
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the next two machine cycles — thus making it easy for external logic to fetch all three bytes of a CALL instruction’s ob- 
ject code. The 8259 PICU uses this 8228 logic to supply a three-byte CALL instruction's object code as the first 
instruction executed following an interrupt acknowledge. But a CALL instruction's object code is interpreted 
thus: 


Byte 1 



CALL 


Byte 2 Byte 3 


I I I I 



16-bit address of called subroutine's 
first executable instruction 


There are two ways in which the 8259 PICU can compute the address portion of the CALL instruction object 
code (bytes 2 and 3). These are the two options: 

Option 1 Option 2 

XXXXXXXXXXXYYYOO XXXXXXXXXXYYYOOO 

X represents binary digits which are defined, under program control, to be a constant portion of the Call address. 

Y represents binary digits which identify the interrupt priority level (000 through 111). 

Since the CALL is the first instruction executed following an interrupt acknowledge, it causes program logic to branch 
to a memory location which is uniquely set aside for a single external interrupting source. Suppose you have selected 
CALL instruction Option 1, as illustrated above. You would then set aside an area of memory for a jump table, as 
follows: 


XXXXXXXXXXXYYYOO 
001 1 100000000000 



PROGRAM 

MEMORY 


3800 


3804 


3808 


380C 


3810 


C3 




C3 




C3 




C3 




C3 


JMP 

ADDR1 

Unused 

JMP 

ADDR2 

Unused 

JMP 

ADDR3 

Unused 

JMP 

ADDR4 

Unused 



Memory addresses have been selected arbitrarily iathe illustration above. 
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Program logic does not have to determine the source of an interrupt. You simply origin separate interrupt service 
routines at starting addresses specified by the Jump instructions in the jump table. This may be illustrated as follows: 


PROGRAM 

MEMORY 


MORE 

PROGRAM 

MEMORY 



The illustration above arbitrarily assumes that the interrupt request arriving at IR2 has its service routine origined at 
OEOOis- In this example, the address vector provided by the 8259 is 38O8i0: 



XXXXXXXXXXXYYYOO 
001 1 100000001000 


3 8 0 8 



DEVICES AT MASTER PICU LEVEL 7 DEVICES AT MASTER PICU LEVEL 6 


Figure 4-37. A System With Three PICUs — One Master And Two Sjaves 
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At memory location 3808i6- the object code for the instruction: 

JMP ADDR2 

takes us directly to the required interrupt service routine. 

8259 PICU PRIORITY ARBITRATION OPTIONS 

Priority arbitration logic is used to determine which interrupt request will be acknowledged when two or more 
interrupt requests exist simultaneously. The 8259 PjCU allows interrupt priorities to be specified at two 
levels — which need to be clearly separated and identified. 

As discussed in Volume I — Basic Concepts, interrupt priority arbitration usually applies to simultaneous interrupt re- 
quests; at the instant an interrupt is acknowledged, if more than one external requesting source is requesting an in- 
terrupt, priority arbitration logic decides which single interrupt request will be acknowledged. Once an interrupt 
has been acknowledged, priority arbitration has nothing to do with whether the interrupt service routine can itself be 
interrupted, or by whom. 

The 8259 PICU extends interrupt priorities to the service routines themselves. Once an interrupt has been 
acknowledged, its service routine can only be interrupted by a higher priority interrupt. 

If you are unsure of the difference between interrupt priority arbitration at the point when interrupts are acknowledged, 
as against priority arbitration for the entire duration of an interrupt service routine, then refer to Volume I — Basic Con- 
cepts, where this subject is covered thoroughly. 

Let us now look at the various priority arbitration options provided by the 8259 PICU. 

The Fully Nested Mode is the default case. Interrupt priorities are set sequentially from 0 (highest) to 7 (lowest). 


As we will describe shortly, the 8259 PICU must be initialized by an appropriate instruction sequence before it can 
be used in any way. Upon completing programmed initialization, FuMy Nested Mode is the priority arbitration op- 
tion in force. It takes additional instructions to specify any other priority arbitration option. 

In Fully Nested Mode, interrupt priorities will never change. An interrupt request arriving at an IR 8259 PICU 

line will never be acknowledged if an interrupt request exists at a higher priority line, or if an inter- INTERRUPT 

rupt service routine is being executed in response to a higher priority interrupt request. Conver- SERVICE 

sely, once an interrupt has been acknowledged, the interrupt service routine which is subse- ROUJINE 

quently executed may be interrupted only by a higher priority interrupt. It makes no difference PRIORITIES 

whether interrupts have, or have not been disabled, the 8259 PICU will ignore all interrupt re- 
quests at priority levels below that of an interrupt service routine currently being executed. For example, suppose inter- 
rupts are being requested simultaneously at levels 2 and 5. The level 2 interrupt will be acknowledged and its interrupt 
service routine will be executed. While the level 2 interrupt is being executed, the level 5 interrupt request will be 
denied by the 8259 PICU, whether or not interrupts have been disabled at the CPU. However, if an interrupt request ar- 
rives at priority level 1, the PICU will acknowledge this interrupt request, and will allow the level 2 interrupt service 
routine to be interrupted. This may be illustrated as follows: 

Interrupts are requested 



Denied — IRS IR2 — acknov/ledged 


Program 

executing 


New interrupt 
request appears 
at IR1 
Interrupt is 
higher priority 
than IR2, so 
is acknov/ledged 



IR1 request's 


An interrupt request at IRS, 
if still pending, can now 
be acknowledged 


IR2 request's 
service routine 
is executed 


service routine 


is executed 
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It is very important to understand that the 8259 PICU extends interrupt priority logic beyond the interrupt 
acknowledge, to the interrupt service routine itself. Standard priority arbitration logic does not extend to the interrupt 
service routine. Thus, in the standard case if interrupts were being requested at priorities 2 and 5, then the priority level 
2 request would be acknowledged, but the priority level 2 interrupt service routine could be interrupted by the level 5 
interrupt request, unless all interrupts were disabled at the CPU — in which case an interrupt request at level 1 would 
also be denied. 

If you do not want to extend interrupt priorities to the interrupt service routines, you can output a Special Mask Mode 
comrpand (vyhich we will describe shortly) to selectively enable interrupt requests of lower priority than the currently 
executing interrupt service routine. 

Rotating Priority, Mode A is the next option. This differs from the Fully Nested Priority Mode, 
which we just described, in that after being serviced, a request is immediately relegated to lowest 
priority. This may be illustrated as follows: 


8259 PICU 
ROTATING 
INTERRUPT 
PRIORITIES 




Lovyest 

7 

6 

5 

4 

3 

2 

1 

Highest 

0 

Before first acknov^ledge 

IR7 

IR6 

IR5* 

IR4 

IR3 

IR2* 

IR1 

IRO 

After first acknov/ledge 

IR2 

IR1 

IRO 

IR7 

IR6 

. IR5* 

IR4 

IR3 

After second acknov/ledge 

IR5 

IR4 

IR3 

IR2 

IR1 

IRO 

IR7 

IR6 


• ideptifies active interrupt requests. 


In a microcomputer system that makes heavy use of interrupts. Rotating Run in Priority Mode A may be a necessary 
replacement for the default Fully Nested Priority Mode. In the default case, the lowest priority levels may get little or no 
service if there is heavy interrupt traffic. In an application that does not have a well defined hierarchy of interrupt 
priorities, a rotation of priorities, as illustrated above, is superior — because it has the effect of giving every priority 
level equal service. • 

Rotating Priority Mode A is implemented as a sequence of single programmed events. The microprocessor outputs an 
appropriate Control code to the 8259 PICU upon completing every interrupt service routine. Thus Rotating Priority 
Mode A is not a permanently specified PICU condition; each rotation represents a single response to a single Control 
code — unconnected to previous or future priority selections'. For the moment, however, it is not necessary that you un- 
derstand the programrriing techniques employed when selecting 8259 interrupt priority modes; that is a subject we 
will cover after completing the description of all available priority options. 

Rotating Priority Mode B gives you some flexibility in determining future priorities. Now under program control 
you can fix the next division between top and bottom priorities at any time. This may be illustrated as follows: 


Priority assigned to IR lines 



Lov/est ' Highest 



7 

6 

5 

4 

3 

2 

1 

0 

Before first ackpovyledge 

IR7 

IR6 

IRS 

IR4 

IR3 

IR2 

IR1 

IRO 

After first acknowledge 

IRS 

IR4 

IR3 

IR2 

IR1 

IRO 

IR7 

IR6 

IR5 is defined as . 
lovyest priority 

After next acknovyledge 

IR3 

tR2 

IR1 

IRO 

IR7 

IR6 

IRS 

IR4 


IR3 is defined as 
lov/est priority 


etc. 


etc. 
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Rotating Priority Mode B allows program logic to determine subsequent interrupt priorities based upon transient 
system conditions. Rotating Priority Mode B rotates priorities any number of positions to the right, much as you might 
rotate the bits of an Accumulator. 

Like Rotating Priority Mode A, Rotating Priority Mode B depends on the microprocessor outputting an appropriate Con- 
trol code to the 8259 PICU. However, in Rotating Priority Mode A. rotation can be done only at the conclusion of an in- 
terrupt service routine, whereas in Rotating Priority Mode B. priorities can be changed at any tima 

Two mask modes allow individual priorities to be selectively disabled. A Simple Mask Mode 
allows the microprocessor to output an 8-bit mask, where 1 bits will cause corresponding 
interrupt request lines to be disabled. For example, the mask value CA 15 will disable interrupt 
lines IR7, IR 6 , IR3 and IR1: 

7 6 5 4 3 2 1 0 -Bit No. 

Interrupt Mask 

These IR lines are selectively disabled. 

A Special Mask Mode is also provided; it allows you to enable Interrupts at a lower priority level than that of the 
currently executing interrupt service routine. By writing a 1 to the appropriate bit of the Mask register, an interrupt 
level can be disabled while its interrupt service routine is executing. Even though the level is masked, all lower level in- 
terrupts will remain disabled until the conclusion of the service routine. Once the current level is masked, however, en- 
tering Special Mask Mode will enable all unmasked lower priority interrupt levels. Thus a request can interrupt a service 
routine operating on a higher priority level. 

Masks may be superimposed on Rotating Priority Mode A or Mode B without restriction. This allows you to selectively 
enable and disable individual interrupt request lines, then rotate priorities for the enabled lines. Special Mask Mode 
also allows you to selectively enable interrupts of lower priority than a currently executing interrupt service routine. 

Polled Mode bypasses priority arbitration altogether. If you select Polled Mode, then you 8259 PICU 
must pojl the 8259 PICU. You will interpret the polled data as follows: POLLING 

7 6 5 4 3 2 1 0 Bit No. 

Polled Status 

Highest priority level requesting 
an interrupt (000 through 111) 

Unassigned 

1 Interrupt request pending 
0 No Interrupt requests pending 

In a configuration that includes master and slave 8259 PICUs, you will first read status from the master PICU. Upon 
detecting a 1 bit in bit 7, you will poll the slave PICU which is identified by bits 2, 1 and 0 of the master’s polled data. 
The slave poll identifies the highest priority interrupt request. This may be illustrated as follows: 


7 6 5.4 3 2 1 0-^ Bit No. 



• * « 




8259 PICU 

INTERRUPT 

MASKING 
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Suppose the * represents interrupt requests. The master poll would return: 



In Polled Mode, the 8259 PICU is not being used as an interrupt processing device at all. In effect, interrupt requests are 
reduced to status flags, which will be processed by the CPU when it is ready to do so. External logic is no longer able to 
force the CPU to suspend current program execution: thus the key concept of an interrupt is missing. 

While it may not immediately appear obvious, using the 8259 PICU in Polled Mode is possibly one of the most 
effective ways of utilizing this device. A point we have frequently made, both in Volume I and in Volume II, is that 
the average microprocessor is simply too slow to efficiently handle random, nested interrupts in a traditional minicom- 
puter fashion. It is faster and more efficient to poll status on a round-robin basis, branching to appropriate subroutines 
upon detecting a status flag via which external logic has requested service. A detailed discussion of this point may be 
found in the book 8080 Pro q rammin q For Lo q ic Desiq n. 

HOW INTERRUPT REQUESTS AND PRIORITY STATUS ARE RECORDED 

Internal to the 8259 PICU there are two registers: an Interrupt Request (IR) register and an Interrupt Status (IS) 
register. 

The Interrupt Request and Interrupt Status registers may be looked upon as receiving external interrupt request 
status . in a cascaded fashion as follows: 



Any active interrupt request appearing on the interrupt request lines IRQ - IR7 will set corresponding bits of the Inter- 
rupt Request register. When any interrupt is acknowledged, the acknowledged interrupt's bit in the Interrupt Status 
register is set; simultaneously, all bits of the Interrupt Request register are reset. This may be illustrated as follows: 
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In order to reset any bit of the Interrupt Status register you must issue a specific "End-Of-Interrupt" instruction which 
we will describe shortly. 

You may therefore look upon the Interrupt Request register as identifying active, but unacknowledged interrupt re- 
quests. Notice that Interrupt Request status is not preserved across an acknowledge. This means external logic must 
hold its Interrupt Request true until it has been selected and acknowledged. 

You may look upon the Interrupt Status register as identifying the interrupt requests which are currently being ser- 
viced. If you do not nest interrupts, then only one bit of the Interrupt Status register will be set at any time. If you do 
nest interrupts, then more than one bit of the Interrupt Status register may be set — for the interrupt request being ser- 
viced currently and for any interrupt requests which were being serviced, but were themselves interrupted. But remem- 
ber you can misuse the Interrupt Status register. If you do not end interrupt service routines by outputting an "End-Of- 
Interrupt" command to the 8259 PICU, then bits of the Interrupt Status register will remain set after the appropriate in- 
terrupt has been serviced. 

If you use a mask to inhibit interrupt levels, then the inhibit logic will prevent bits of the Interrupt Request and Interrupt 
Status register from being set for the inhibited interrupt levels. 

The Interrupt Request (IR) register stores a 1 bit at every requesting level; it may be visualized as a simple reflection of 
IR input signals: 


7 6 5 4 3 2 1 0 

rohlohlololilok 


' Bit No. 


1R7 IR6 IRS IR4 IR3 IR2 IR1 IRO 


' IR Register 


* represents active interrupt requests 


The Interrupt Status (IS) register reflects the status of current interrupt priority arbitration logic. Whenever an interrupt 
is acknowledged, the IS bit corresponding to the interrupt level is set. This bit is reset by the End-Of-Interrupt (EOl) in- 
struction at the end of the interrupt service routine. We will tell you how to issue an EOl instruction shortly. 

Suppose the 8259 PICU is operating in the default mode: fully nested interrupts, no mask bits set. An interrupt request 
is made at level 4. When this interrupt is acknowledged, bit 4 of the IS register is set: 


7 6 5 4 3 2 1 0 


|o|o|o| 1 |o|o|o|oh 


Bit No. 
IS 


and interrupts at levels 5, 6 and 7 are disabled, since they are of lower priority than level 4. While the level 4 request is 
being serviced, a request is made at level 1. Since level 1 has higher priority, it will be acknowledged, interrupting the 
level 4 service routine. IS will look like this: 



Now interrupt levels 2 through 7 are disabled. At the conclusion of the level 1 service routine, EOl will reset bit 1: 


765432 1 0 


|o|o|o|i|o|o o|o 



Bit No. 
IS 


thus enabling interrupt levels 2 and 3 — and level 4, whose service routine can now continue. On the next EOl, assum- 
ing no further interruptions, bit 4 of IS will be reset, at which time levels 5, 6 and 7 will again be enabled. 

In priority modes other than the Fully Nested Mode (Rotating Priorities A and 8 and Special Mask Mode) the 8259 PICU 
cannot be depended on to reset the correct IS bit when it receives the usual EOl. Therefore, it is sent a special EOl 
which specifies which level’s service routine is ending — and therefore which IS bit is to be reset. 
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PROGRAMMING THE 8259 PICU 

As we have already stated, the 8259 PICU appears to the programmer as two I/O ports, or memory locations. 
However, there are a number of ways in which data written to, or read from either location may be interpreted. 
Let us begin by defining these interpretations: then we will explain the sequence in which Control codes should 
be written, and statuses read, in order to access the many capabilities of the 8259 PICU. 

Control codes output to the lower I/O port or memory address (AO = 0) may be interpreted in one of three ways, labeled 
Initialization Control Word 1 (ICW1) and Operation Control Words 2 and 3 (OCW2 and OCW3); 

Bit No. 

.ICWl 


Don't care 

^ ■ 1 One 8259 in a system only 

0 Master arxt slave 8259s in system 
■!.. I 1 4 bytes betvyeen address vectors 

0 8 bytes betv/een address vectors 
^ " I ■ Must be 1 

— ■ Bits 7, 6 and 5 of interrupt address vector 

7 6 5 4 3 2 1 0 'Bit No. 

I I I lolol ITT — °CW2 

000 Select priority level 0 as lowest 

001 Select priority level 1 as lowest 

010 Select priority level 2 as lowest 

01 1 Select priority level 3 as lowest 

100 Select priority level 4 as lowest 

101 Select priority level 5 as lowest 

1 10 Select priority level 6 as lov/est 

1 1 1 Select priority level 7 as lowest 
' Must be 00 
' 000 No Operation 

01 1 Simple end of interrupt, ignore bits 2, 1, 0 

010 No Operation 

011 Special end of interrupt, and reset IS bit specified by bits 2, 1, 0 

100 No Operation 

101 End of interrupt and execute Rotate Priority Mode A 

1 10 Execute Rotate Priority Mode B. Level set by bits 2, 1, 0 is lovi/est level 

1 1 1 End of interrupt and execute Rotate Priority Mode B. Level set by 
bits 2, 1, 0 is lowest level. 

Bit No. 

OCW3 


00 Not allov/ed 

01 Not allov./ed 

10 Select IR register on status read 

1 1 Select IS register on status read 
Normally 0. If 1, Polled Mode in force 
'Must be 01 

1 1 Select special mask mode 
10 Deselect sprecial mask mode 
' Don't care 


7654321 0 - 

M I l•l■l I I ^ 


X 



7 6 5 4 3 2 1 0 

n'T hlxl I lx 


I 


I 
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When reading from the lower address (AO = 0), the condition of the most recently issued OCW3 bits 0 and 1 determine 
what will be read. If these two bits were 01 , the Interrupt Request register (IR) is read: if these two bits are 1 1 , the Inter- 
rupt Status register (IS) is read. 

Control codes output to the higher I/O port or memory address (AO = 1) may also be interpreted in one of three 
ways. After an ICW1 control has been output to the lower address (AO = 0), either one, or two Control codes must be 
output to the higher address (AO = 1). If ICW1, bit 1 is 1, a second Control code (ICW2) must be output to the higher 
address (AO = 1) of the master 8259 PICU, and to every slave 8259 PICU, that may be present. This is the format of 
ICW2: 

7 6 5 4 3 2 1 0 Bit No. 

I I I I I I I n - — 'CW2 


Bits 15 - 8 of the interrupt address vector 


If ICW1, bit 1 is 0, ICW2, as illustrated above, must be output — and it must be followed by a second Control code 
(ICW3), output to the higher address (AO = 1) of the master 8259 PICU, and then to each slave 8259 PICU. The master 
8259 will interpret ICW3 as follows: 



7 6 5 4 3 2 1 0 


•Bit No. 


1 1 1 1 1 1 1 n 



ICW3 to master 


'Any 1 bit identifies a request level to 


which a slave 8259 has been attached 


A slave 8259 will interpret ICW3 as follows: 


7 6 5 4 3 2 1 0 ^ ■ Bit No. 

^ I I I I I j — - ICW3 to slave 

These three bits identify the 
request level at the master 8259 
to which this slave 8259 
has been connected 
Don't care 



A system with a single 8259, therefore, has ICW1, then ICW2 output to it. 

A system with master and slave 8259 devices must have ICW1, ICW2 and ICW3 output to the master, then ICW1, 
ICW2 and ICW3 output to each slave. 

After the initiation sequence has been compieted, when reading or writing to the higher I/O 
port address (AO = 1), the Interrupt Mask register is accessed. Writing a 1 into any bit posi- 
tion will disable corresponding IR line requests. 0 bits enable interrupt requests at corres- 
ponding IR lines. When you return to the initiation sequence, the higher I/O port address 
again accesses ICW2 or ICW3. 


8259 PICU 

INTERRUPT 

MASK 
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We will now examine the normal sequence in which the 8259 PICU will be programmed. Programming logic may be 
defined as follows; 



Interrupt 

Service 

Routine 
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Using arbitrary data, the initiation sequence for a single 8259 PICU system may be illustrated as follows; 


MVI PICUL, 12H ;WRITE OUT ICWI 

MVI PICUH,40H ;WRITE OUT ICW2 


The labels PICUL and PICUH address the lower and higher 8259 PjCU addressable locations, respectively. 

The two instructions above assume that the 8259 PICU is being addressed as memory. The two immediate data bytes 

specify an interrupt address vector beginning at location 4000i6. incrementing eight bytes with each priority level. 

.1 

Now consider a configuration where there is a master PICU and three slave PICUs connected to IRQ, IR1 and IR2. Here is 
the initiating instruction sequence required: 


ilNITIALIZE 

MASTER PICU 

MVI 

PICUL,14H 

MVI 

PICUH,40H 

MVI 

PICUH.07H 

.•INITIALIZE 

FIRST SLAVE PICU 

■' MVI 

SPCLI.IOH 

MVI 

SPCH1,48H 

MVI 

SPCHI.O 

ilNITIALIZE 

SECOND SLAVE PICU 

MVI 

SPCL2.30H 

MVI 

SPCH2.48H 

MVI 

SPCH2.1 

ilNITIALIZE 

TFjlPD SLAVE PICU 

MVI 

SPCL3,52H 

MVI 

SPCH3,48H 

MVI 

SPCH3.2 


WRITE OUT 1CW1 
WRITE OUT ICW2 
IDENTIFY SLAVES TO MASTER 

WRITE OUT ICWI 
WRITE OUT ICW2 
IDENTIFY PRIORITY TO SLAVE 

WRITE OUT ICWI 
WRITE OUT ICW2 
IDENTIFY PRIORITY TO SLAVE 

WRITE OUT ICWI 
WRITE OUT ICW2 
IDENTIFY PRIORITY TO SLAVE 


Since there is a single master, and three slaves, there must be four sets of initiating instructions. 

First, we initiate the master. Again, the interrupt address vector is origined at 4000i 0 . This origin and the specification 
that four bytes will separate each vector will be used when interrupts are requested on levels to which no slave 8259 
PICUs are connected. In this case the value O 7 i 0 is output indicating that IRQ, IR1 and IR2 have connected slaves. 

Slave initiation is straightforward. The first slave PICU has labels SPCL1 and SPCH1, representing the lower 'and higher 
addressable locations. SPCL2 and SPCH2 are second slave PICU labels, while SPCL3 and SPCH3 are third slave PICU 
labels. 

All three slave PICUs specify a four-byte displacement between interrupt address vectors. Initial origins of 48OOi0, 
4820i 0 and 4840i 0 are specified for slave 1 , 2 and 3, respectively. Notice that the second byte written out to the high 
order address SPCH1, SPCH2 or SPCH3 identifies the slave's priority. 

Once 8259 PICUs have been initiated, programmable features are controlled by outputting appropriate Control 
codes and inputting appropriate status. Every interrupt service program must end by outputting an "End-Of-ln- 
terrupt” Control code to the 8259 PICU. Any form of "End-Of-Interrupt" Control code will do. Otherwise, there 
is no well defined sequence in which controls and status should be used. 
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Table 4-6. A Summary of 8259 PICU Operations 


OPERATION 

INSTRUCTION SEQUENCE 

Select Fully Nested 
Mode 

None. This is selected after initiation. 

Issue simple End Of 
Interrupt command 

Output 2Oi0 (OCW2) to PICUL. 

Rotate Priorities 

Mode A with 

End Of Interrupt 

Output A0i 6 (OCW2) to PICUL. 

Rotate Priorities 

Output Cni@ (OCV\/2) to PICUL, n is the new lowest 

Mode B without 

End Of Interrupt 

priority. 

Rotate Priorities 

Output Eni0 (OCW2) to PICUL, n is the new lowest 

Mode B with 

End Of Interrupt 

priority. 

Output an interrupt 

Output mask byte to PICUL any time after 

mask 

initiation sequence. 

Read interrupt 
mask 

Input PICUH. 

Enter special 
mask mode 

Output OCW3 to PICUL with 6810 in lower 7 bits. 

Exit special 
mask mode 

Output OCW3 to PICUL with 48-10 lower 7 bits. 

Specify Polled 

Mode 

Output OCW3 to PICUL with OC10 in lower 7 bits. 

Poll any PICU 

Output OCW3 to PICUL with 01 1 in bits 4, 3, 2, 
then immediately read from PICUL. 

Read IR Status 

Output OCW3 to PICUL with OA10 in lower 7 bits. 
Then read from PICUL. 

Read IS Status 

Output OCW3 to PICUL with OB10 in lower 7 bits. 
Then read from PICUL. 

Reset an IS status 

Output 6N10 (OCW2) to PICUL if End Of Interrupt. 

bit 

N is the IS status bit to be reset. 

PICUL identifies the PICU lower address (AO = 0). 

PICUH identifies the PICU higher address (AO = 1). 


Here is an example of the end of an interrupt service routine: 

MVI PICUL, 20H ;SIMPLE END OF INTERRUPT 

RET ;RETURN TO INTERRUPTED SEQUENCE 

The simplest "End-Of-Interrupt" (EOl) is sent as OCW3. This command will reset the highest set bit in the IS register. 
Notice that we thus assume that this interrupt occurred in Fully Nested Priority Mode, where the highest bit corres- 
ponds to the highest priority level. 

In other priority schemes, however, the interrupt level being serviced may not correspond to the highest set bit of the IS 
register. Suppose the interrupt handling scheme is Rotating Priority Mode B with level 2 the lowest priority and a level 
0 request being serviced: 


LOWEST 


HIGHEST - 


• Interrupt priorities 


|^£jjj0j^7j^6^^5jT ^ ^ Interrupt levels 

f 
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A request at level 4 (*) will interrupt the level 0 routine. The IS register would look like this: 
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43210 - 
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Bit No. 

IS Register 


A simple EOl in the level 4 service routine will now reset bit 0 — which is wrong. The following instruction sequence 
will reset the correct IS bit and return: 

MVI PICUL.64H ;END LEVEL 4 INTERRUPT 

RET ;RETURN TO INTERRUPTED SEQUENCE 

Since we are rotating priorities, the following would be preferable: 

MVI PICUL,E4 ;END LEVEL 4 INTERRUPT AND MAKE 

;LEVEL 4 LOWEST PRIORITY 

RET ;RETURN TO INTERRUPTED SEQUENCE 

The priorities and IS register now look like this: 


LOWEST HIGHEST 


4 3 2 


0 


7 6 5 


Interrupt Priorities 
Interrupt Levels 


7 

6 

5 

4 

3 

2 1 

0 — 

“ Bit No. 

0 

0 

0 

0 

0 

o|o 

ITT*- 

•— IS Register 


Either of the suggested EOl instructions would allow the level 0 routine to resume. 


THE TMS 5501 MULTIFUNCTION 
INPUT/OUTPUT CONTROLLER 

This is a multifunction peripheral logic device built by Texas instruments only. It is designed to work with 8080 
or 8080A CPUs. The TMS 5501 does not use the 8228 System Controller; it decodes the Data Bus during the 
SYNC pulse. 

The TMS 5501 provides many of the functions provided by the 8255 PPI, 8251 USART, 8253 Programmable 
Timer/Counter and 8259 Priority Interrupt Control Unit. In each case, the TMS 5501 has simpler logic, with 
fewer options; but for a very large number of applications, TMS 5501 features will be more than adequate. 

Here are the TMS 5501 features provided: 

1) Two external interrupt request lines. 

2) An 8-bit, parallel input port. 

3) An 8-bit. parallel output port. 

4) A single, asynchronous serial I/O channel without handshaking. 

5) Five programmable timers, each of which times out with an interrupt request after an interval that may 
range from 64 microseconds to 16.32 milliseconds. 

Figure 4-38 illustrates those logic functions in our standard microcomputer system illustration which have been 
implemented by the TMS 5501. 

The TMS 5501 is fabricated using N-channel silicon gate technology and is packaged as a 40-pin DIP. 

TMS 5501 DEVICE PINS AND SIGNALS 

Figure 4-39 illustrates TMS 5501 device pins and signals. We will begin by summarizing these signals. 

There are three data busses. DO - D7 are the bidirectional Data Bus pjns via which data is transferred between the 
TMS 5501 and the CPU. X10-X17 are the pins via which external logic inputs 8-bit parallel data to the TMS 5501. 
XOO - X07 are the eight pins via which the TMS 5501 outputs 8-bit parallel data to external logic. Notice ^hat XO lines 
are negative-true whereas XI lines are positive-true. Optionally XI 7 may be used for low priority external interrupt re- 
quests. 
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' Figure 4-38. Logic of the TMS 5501 Multifunction Input/Output Controller 
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PIN NAME 

DESCRIPTION 

TYPE 

D0-D7 

Data Bus to CPU 

Bidirectional 

XIO - XI7 

Data Bus from external logic 

Input 

X^ - X07' 

Data Bus to external logic 

Output 

XMT 

Transmit serial data line 

Output 

RCV 

Receive serial data line 

Input 

SENS 

External interrupt sense 

Input 

INT 

Interrupt request 

Output 

CE 

Chip Select 

Input 

AO- A3 

Address Select 

Input 

SYNC 

Synchronizing signal (SYNC) from 8080A 

Ihput 

4>1, 4)2 

VbB''^CC-VddXss 

Clock inputs, same as to 808bA 

Power Supply (-5V, + 5V, + 12V) and Ground 

Input 


Figure 4-39. TMS 5501 Multifunction Input/Output Controller Signals 
and Pin Assignments 


Do not miss the significance of XO negative logic; whatever you write to the TMS 5501 for 
parallel output will be complemented. XO signals are the inverse of the oiitput buffer con- 
tents. 

Serial I/O data uses the XMT and RCV p ins. XMT is used to transmit serial data, whereas RCV is 
used to receive serial data. Note that RCV is a negative-true signal, whereas XMT is a positive-true 


TMS 5501 
OUTPUT 
SIGNAL 
INVERSION 


External logic may request interrupt service either via the SENS input or via the XI7 input. A low-to-high transi- 
tion on either signal constitutes an interrupt request. SENS is,always part of external interrupt request logic; XI7 rnust 
be programmed for this purpose — in which case the eight XI pins cannot be used to input 8-bit parallel data. 


Logic internal to the TMS 5501 may also generate interrupt requests. Whatever the source of the interrupt re- 
quest, it is passed on to the CPU via the INT interrupt request signal. 


The TMS 5501 is accessed either as 16 I/O ports or 16 memory locations. Addressing logic consists of a chip 
select (CE) and four address select inputs (AO, A1, A2 arid A3). 


The TMS 5501 receives the SYNC timing pulse, and this requires special mention. While SYNC is high, the TMS 
5501 decodes status off the Data Bus, therefore the 8228 System Controller is not needed. 


Additional signals required by the TMS 5501 are the two 8080A clock signals Ol and $2. Slight clock signal 
variations will confuse serial I/O logic which computes baud rates internally. 
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A feature of the TMS 5501 which you must note carefully is that it cannot handle Wait 
states. Any Tyy clock periods in a machine cycle will cause the TMS 5501 to malfuhctioh. 

There is a further unlikely ramification of the TMS 5501 inability to handle Wait states. If you are 
accessing the TMS 5501 as 16 memory locations, then you cannot have a Halt instruction's object code in the 
memory iocation immediateiy preceding the 16 TMS 5501 addresses. If you do, the Halt instruction will execute, 
following which the Address Bus will contain the address of the next sequential memory location — which now is a 
TMS 5501 address. Thus, the TMS 5501 becomes selected. But the TMS 5501 logic cannot cope with a sequence of 
undefined clock periods, which is exactly what will happen following a Halt instruction's execution. The net effect is 
that following a Halt, the TMS 5501 receiver buffer loaded flag will be inadvertently cleared. 

Always make sure that the memory address directly preceding the 16 addresses assigned to a TMS 5501 remains 
unused. 

TMS 5501 DEVICE ACCESS 

Some of the 16 I/O port or memory addresses via which the TMS 5501 device is accessed are equivalent to 
memory locations, but others are command identifiers. Table 4-7 defines the manner in which addresses are in- 
terpreted. 

You will find the TMS 5501 far easier to use if you address it as 16 memory locations, because that will give you access 
to memory referencing instructions. 

When creating TMS 5501 select logic, any of the select schemes described earlier in this chapter will do — with one 
addition. Include READY as part of the select logic: if READY is low, a Wait state will follow, and that will cause the 
TMS 5501 to malfunction. By making READY high a necessary component of device select logic, you can avoid this 
problem. 

In the following discussion of individual TMS 5501 capabilities, we will use programming examples to show the effec- 
tiveness of including the TMS 5501 device within your memory rather than I/O space. 


Table 4-7. TMS 5501 Address Interpretations 


fSi 

m 



FUNCTION 

0 

b 

0 

0 

Read assembled serial input data byte out of Receiver Buffer 

0 

0 

0 

1 

Read parallel data input via XIO - XI7 

0 

0 

1 

0 

Read RST instruction code, as a data byte, when polling interrupt requests 

0 

0 

1 

1 

Read Status register contents to the CPU 

0 

1 

0 

0 

Write command code to the TMS 5501 

0 

n 

0 

1 

Load serial I/O Control register, specifying baud rate and stop bits 

0 

B 

1 

0 

Write data byte to serial transmit logic 

0 

B 

1 

1 

Write data byte to parallel output port 

1 

H 

0 

0 

Write out interrupt mask byte to selectively enable and disable interrupts 

D 

0 

0 

i 

Write initial count to Interval Timer 1 

H 

0 

1 

0 

Write initial count to Interval Timer 2 

n 

0 

1 

i 

Write initial count to Interval Timer 3 

B 

1 

0 

0 

Write initial count to Interval Timer 4 

B 

mm 

0 

1 

Write initial count to Interval Timer 5 

B 

B 

1 

0 

No Operation 

■ 

B 

1 

1 

No Operation 


TMS 5501 addressable locations 3, 4 and 5 are used for status and controls which generally apply to serial I/O 
and interrupt processing. We will define how these ports are used now, in advance of our discussion of TMS 5501 
serial I/O and interrupt processing capabilities. 


TMS 5561 
WAIT STATE 
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Locations 3 and 5 apply to serial I/O logic. Location 3 is a Status register whose bits are interpreted as follows: 


7 6 5 4 3 2 1 0 



Sefial I/O Status register (Address 3) 

1 Framing error detected 
1 Overrun error detected 
1 No serial data being received 
1 Receive Buffer ready to be read 
1 Transmit Buffer empty 
1 1nterrupt petrding 
1 Serial data character being received 
1 Start bit as been detected 


Bits 0 and 1 are standard framing and overrun error indicators. 

If a framing error is detected. Status register bit 0 will be set to 1 and will remain 1 until assembly of the next complete 
serial data character has been completed. 

If Receiver Buffer contents are not read while the next serial character is being input and assembled, an overrun error 
will be reported in bit 1 of the Status register. This error indicator will be cleared as soon as the Status register contents 
are read, or when a reset command is output. Remember, you have the time it takes to receive and assemble one 
character in which to read the previous character out of the Receiver Buffer. This is because receive logic includes a 
double buffer. A character is assembled in a Receiver register; when completely assembled, it is shifted to a Receiver 
Buffer and the next character is assembled in the Receiver register: 



Byte N 


Receiver Byte N being 

Register assembled 

Contents 



Byte N + 1 being 
assembled 


Receiver Assembled Byte N-1, Assembled Byte N, 

Buffer waiting to be read waiting to be read 

Contents 


Status bits 2, 3, 6 and 7 monitor the condition of the serial data input signal. During a break, that is. when no valid 
serial data is being input, status bit 2 will be high. As soon as a start bit has been detected, status bit 2 will be reset low 
and status bit 7 will be set high. When the first valid data bit is detected, status bit 6 is also set high. When the 
received character has been assembled in the Receiver Buffer, and may be read by the CPU. status bits 7 and 6 are 
reset and status bit 3 is set. This may be illustrated as follows: 
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Status bit 4 applies to serial transmit logic. As soon as the Transmit Buffer is ready to receive another byte of data, 
status bit 4 will be set high. It will remain high until new data has been loaded into the Transmit Buffer. 

T ransmit logic, like receive logic, is double-buffered. A byte of data is held in a T ransmitter register while being output 
serially; meanwhile, the next data byte may be loaded into a Transmitter Buffer. Transmitter Buffer contents are auto- 
matically shifted to the Transmitter register when serial output of a data byte is complete. This may be illustrated as 
follows: 


XMT 

1 Byte N \ 

N + 1 

Transmitter 

Byte N being 

Byte N + 1 being 

Register 

Contents 

output serially 

output serially 

Transmitter 

Write Byte N + 1 into 

Write Byte N + 2 into 

Buffer 

Transmitter Buffer 

Transmitter Buffer 

Contents 

during this time 

during this time 


Status bit 4 is high from the instant Transmitter Buffer contents are shifted into the Transmitter register, until a new 
data byte is written into the Transmitter buffer. 

Status bit 5 is set whenever the TMS 5501 has an unacknowledged interrupt request. While this status bit is very 
important in serial I/O operations, it also may have application elsewhere; this bit therefore may be looked upon as an 
exception within the Status register, in that it is the only status flag that does not apply strictly to serial I/O operations. 

TMS 5501 addressable location .5 is aiso dedicated to serial I/O. Into this location you must load a control byte 
which selects baud rate, and the number of stop bits. Register contents will be interpreted as follows: 



If more than one of bits 0 through 6 are high, then the highest indicated baud rate will be selected. If no baud rate bit is 
high, then all serial transmit and receive logic will be inhibited. 
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TMS 5501 addressable location 4 is a general command register. Its contents will be interpreted as follows: 

Bit No. 

Control Register (Address 4) 


1 = Device reset 
1 = Output Mark on idle 

0 = Output space on idle 

1 = Select XI7 as lowest priority interrupt 

0 = Select interval timer 5 as lowest priority interrupt 

1 = Enable TMS 5501 interrupt acknowledge 
0 = Disable TMS 5501 interrupt acknowledge 

0 = Normal baud rate and interval timing 

1 =TMS 5501 <I>1 internal clocking runs eight times normal rate, which 

1) multiplies all baud rates in the baud rate register by 8, allowing 
high spread data transfers at rates up to 76.8 kilo baud 

2) decrements the interval timers every 8 microseconds 

0 = Normal opreration 

1 = INT outputs a clock whose frequency deprends on bit 4. If bit 4 is reset 
(0), the output frequency is the system clock frequency divided by 128. 

If bit 4 is set (1), the output frequency is the system clock frequency 
divided by 16. 

Can have any value 

If your system does not require interrupts from the TMS 5501 , you can set bit 5 high to derive a TTL compatible 
clock from the INT output. 

If the TMS 5501 device is reset by outputting 1 to bit 0, then the following events will oc- 
cur: 

1 ) Serial receive logic enters the Hunt mode. Status bits 2, 3, 6 and 7 are all reset; however, reset 
will not clear the Receive Buffer contents. 

2) Serial transmit logic will output a high marking signal. Status bit 4 will be set high indicating that transmit logic is 
ready to receive another data byte. 

3) The interrupt mask register is cleared with the exception of the Transmit Buffer interrupt, which is enabled. (Inter- 
rupt levels and interrupt masking are described shortly.) 

4) All interval timers are halted. 

The Reset has no effect on any of the following; 

- Parallel input and output port contents 

- Interrupt acknowledge enable 

- Interrupt Mask register contents 

- Baud rate register contents 

- Serial Transmit or Receive Buffer contents 

Control command bit 1 determines whether serial transmit logic will mark or space when not transmitting data. 

A 1 in bit 1 will cause serial transmit logic to mark (output high) while a 0 in bit 1 will cause transmit logic to space 
(output low). 

If Reset conflicts with the break specification, then Reset will override and transmit logic will mark, irrespective of the 
break bit specification. 

The TMS 5501 can receive an interrupt request from one of nine different sources. Using the eight Restart instructions, 
each interrupt request is assigned one of eight priorities. For this to be possible, two interrupt sources share the lowest 
priority interrupt level (RST 7); these two sources are an external request arriving via XI7 and the Interval Timer 5 time 
out interrupt request. You use bit 2 of the control command to select which requesting source will be active at 
any time as the lowest priority interrupt. 

Bit 3 of the control command is a master enable/disable for TMS 5501 interrupt logic. If this bit is output as 0, 
then TMS 5501 interrupt acknowledge logic is disabled — and that effectively disables the entire interrupt processing 
system. Observe that with interrupt acknowledge logic disabled you can still use polling techniques in lieu of interrupt 
processing. 


TMS 5501 
RESET 


7 6 5 4 3 2 1 0 
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Table 4-8. TMS 5501 Interrupt Logic and Priorities ■ 


Interrupt 
and Mask 

Data Bus 

Status 

RST 

Instruction' 

Interrupting Source 

Bit 


Ea 

Ijg 


0 (highest) 

0 

0 

0 

RSTO 

Interval Timer 1 

1 

0 

0 

1 

RST 1 

Interval Timer 2 

2 

0 

1 

0 

RST 2 

External SENS interrupt request 

3 

0 

1 

1 

RST 3 

Interval Timer 3 

4 

1 

0 

0 

RST 4 

Serial I/O Receiver Buffer full 

5 

D 

il 

a 

RST 5 

Serial I/O Transmitter Buffer full 

6 

n 



RST 6 

Interval Timer 4 

7 (lowest) 

1 

1 

I 

RST 7 

Interval Timer 5, or external XI7 
interrupt request, whichever has 
been selected by command code 


TMS 5501 INTERRUPT HANDLING 

The TMS 5501 responds to nine different interrupt requests, with priorities as defined in Table 4-8. 

When an interrupt is acknowledged, INT is output high by the TMS 5501. If the TMS 5501 INT output is connected 
to the 8080A INT input, then the 8080A will acknowledge the interrupt by outputting D1 high at SYNC high. The TMS 
5501 responds to this acknowledge by placing an RST instruction’s object code on the Data Bus, as required by stan- 
dard 8080A timing. This is an utterly standard 8080A interrupt request/acknowledge sequence. 

Interrupts may be selectively disabled by writing a mask to TMS 5501 Register 8: see Table 4-7. A 0 bit will disable 
an interrupt: mask bits are related to priorities as follows: 

Bit No. 

TMS 5501 Register 8 


Interval Timer 1 
Interval Timer 2 

External SENS interrupt request 
Interval Timer 3 
Serial I/O Receiver Buffer full 
Serial I/O Transmitter Buffer full 
Interval Timer 4 

Interval Timer 5 or external XI7 interrupt request 

Note that TMS 5501 interrupt priorities apply to the request/acknowledge sequence, only — which is the standard 
passive interrupt priority arbitration sequence used in most microcomputer applications. Once an interrupt is 
acknowledged and is being serviced by an interrupt service routine, it is up to the programmer to disable all interrupts, 
or selected interrupts, if the interrupt service routine is not itself to get interrupted. If, for example, an interrupt were to 
be acknowledged at priority 3 (Interval Timer 3), in the normal course of events the 8080A CPU will disable all inter- 
rupts upon acknowledging any interrupt. Therefore the Interval Timer 3 interrupt service routine will deny any other in- 
terrupt request, whatever its priority, until the Interval Timer 3 service routine completes execution. If the Interval Timer 
3 interrupt service routine were to immediately enable all interrupts, then any other, interrupt request would be 
acknowledged, irrespective of priority. 

If you want to ensure that only higher priority requests interrupt the Timer 3 service routine, then the Timer 3 service 
routine must begin by outputting a mask to disable all lower level interrupts at the TMS 5501 : then it must enable all 
interrupts at the CPU. Here is the necessary instruction sequence: 

MVI TMS8.07H :OUTPUT MASK TO REGISTER 8 OF TMS 5501 

El :ENABLE INTERRUPTS 

The mask output in this case has the value 07, since mask bits 0. 1 and 2 only must be set to 1, enabling the highest 
three interrupt priority levels. 


7 6 5 4 3 2 1 0 
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Let US now look at the nonstandard features associated with TMS 5501 interrupt 
handling logic. First of all, so long as there is an unacknowledged interrupt request. Status 
register bit 5 is set to 1 ; next the RST instruction object code for the highest level interrupt 
request is stored in TMS 5501 Register 2. This allows you to bypass normal interrupt pro- 
cessing logic and poll the TMS 5501 instead. 

In order to bypass interrupt logic, simply disconnect the TMS 5501 INT output from the 8080A INT input. You can still 
identify interrupt requests occurring within the TMS 5501 by reading the TMS 5501 Status register. If bit 5 of the 
Status register is 1 , then one or more interrupt requests are active within the TMS 5501 . In order to determine which is 
the highest level active interrupt request, read the contents of TMS 5501 memory location 2. The RST instruction ob- 
ject code corresponding to the highest priority interrupt request will have been assembled in this location. Bits 3, 4 and 
5 of the RST instruction object code identify the priority level. Thus you can determine which of the eight priority levels 
was the highest active interrupt request. Here is a typical polling sequence: 

: ASSUME THAT THE TMS 5501 ADDRESS SPACE CONSISTS OF 16 MEMORY. 

;LOCATIONS FROM 8000 THROUGH 800F. TMS5 IS THE SYMBOL ASSIGNED 
;TO THE BASE ADDRESS 
TMS5 EOU 8000H 


:TEST STATUS REGISTER FOR INTERRUPT PENDING 


LDA , 

TMS5+3 

;LOAD STATUS TO ACCUMULATOR 

ANI 

20H . 

;ISOLATE BIT 5 

JNZ 

TMS5+2 

;IF NOT ZERO, AN INTERRUPT HAS BEEN 
;REQUESTED 




TMS 5501 

NONSTANDARD 

FEATURES 


It is worth spending a minute looking at the three-instruction sequence illustrated above. The TMS 5501 Status register 
contents are loaded into the Accumulator by the LDA instruction. The next instruction isolates bit 5. If bit 5 is 1, then 
an interrupt has been requested, and the next instruction, a JNZ, branches program execution to a memory location 
within the TMS 5501 itself. Will that work? Indeed, it will. The label TMS5-t-2 addresses TMS 5501 Register 2, which 
contains an RST instruction's object code; this is the object code which would have been output in response to a nor- 
mal interrupt acknowledge. What the JNZ instruction does is cause this RST instruction's object code to be executed 
next: and that is precisely the logic sequence which a normal interrupt response would have implemented. 

Notice that the very simple method we have illustrated for polling on status only works if the TMS 5501 can be ad- 
dressed as memory locations rather than I/O ports. 

TMS 5501 PARALLEL I/O OPERATIONS 

It is very easy to handle simple parallel I/O, without handshaking, using the TMS 5501 . This is equivalent to 8255 
Mode 0 operation. TMS 5501 address 1 accesses the parallel 8-bit input port, while address 7 accesses a parallel 8-bit 
output port (see Table 4-7). Assuming that the TMS 5501 is addressed as memory, input and output operations are 
handled using any memory reference instructions. 

A very limited amount of parallel I/O handshaking is available. The SENS interrupt input signal can be used by ex- 
ternal logic either to indicate that it has read output data, or to indicate that it has transmitted input data. However, the 
TMS 5501 device itself has no contro l sign als which can be used to prompt external logic: that is to say, the TMS 5501 
has no signal equivalent to the 8255 DBF control. When comparing the parallel I/O capabilities of the TMS 5501 with 
the 8255, therefore, we conclude that 8255 Mode 0 operations can be duplicated without problems, but neither Mode 
1 nor Mode 2 parallel I/O operations with handshaking can be duplicated. Only a primitive level of parallel I/O with 
handshaking exists within the TMS 5501 and even this exists at the expense of external interrupt logic. 

TMS 5501 SERIAL I/O OPERATION 

A significant asynchronous, serial I/O capability is provided by the TMS 5501. Synchronous serial I/O is not sup- 
ported. 

There are very significant differences between the implementation of asynchronous serial I/O by the TMS 
5501, as compared to the 8251 USART. 

The TMS 5501 has separate serial transmit and receive pins (XMT and RCV), but it has no accompanying handshaking 
control signals; instead 5th and 6th priority interrupts identify Receiver Buffer full and Transmit Buffer full, respec- 
tively. Bits 2, 3, 6 and 7 of the Status register (addressable location 3) identify the condition of a serial receive data 
stream. 
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When using the TMS 5501 , you have to continuously read in the contents of the Status register and test the condition 
of appropriate status bits in order to implement standard serial receive logic; however, in the end you can implement 
the same serial receive logic as is provided automatically by the 8251 USART. Here is the relationship between the 
TMS 5501 and the 8251 USART controls: 

8251 USART TMS 5501 EQUIVALENT 
TxRDY Status register bit 4 

TxE None 

TxC Baud Rate register 

RxRDY Status register bit 3 

RxC Baud Rate register 

SYNDET None 

Probably the most significant difference between TMS 5501 and 8251 USART control is the fact that TMS 5501 baud 
rate is programmed by outputting an appropriate Control code, while it is clocked by rate signals input to the 8251 
USART, The TMS 5501 advantage is that the TMS 5501 does not need external baud rate clock generation logic: 
however there must be a very precise synchronization between the TMS 5501 and whatever external logic it is com- 
municating with. Minor timing differences are no problem when using an 8251 USART since a clock signal can accom- 
pany the serial data stream. Minor timing differences can be intolerable when using the TMS 5501 : a small difference 
between TMS 5501 baud rate and external clock signals can generate very significant errors. 

TMS 5501 INTERVAL TIMERS 

The TMS 5501 has five programmable Interval Timers. Each timer can be loaded with an initial count ranging 
from 01 (lowest) through FF-ig (highest). Each Timer will decrement one count every 64 microseconds. As soon 
as a programmable timer counts out to zero, it requests an interrupt. In our discussion of TMS 5501 interrupt logic, 
we have defined the priority levels assigned to the various Interval Timers. Notice that Interval Timer priorities have 
been spread across the range of priority levels. By using Interval Timer 1 or 2, you can be sure of precise time intervals, 
since an interrupt request will be acknowledged with little or no delay. Timers 4 and 5, being the lowest priority, can be 
used to generate less precise time intervals. It is conceivable that interrupt requests originating at these two timers 
might have to wait a significant amount of time before being serviced — if there is any degree of interrupt traffic within 
the microcomputer system. 

Loading a 0 value into an Interval Timer causes an immediate interrupt request. 

When a nonzero value is loaded into an Interval Timer, it starts to count down immediately. If a new value is loaded into 
an Interval Timer while it is halfway through counting out, then the new value will be accepted; it will override the pre- 
vious value and subsequently will be decremented. Therefore the Interval Timers are retriggerable. 

Once an Interval Timer counts out, it halts. 
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ADAM OSBORNE & ASSOCIATES, INCORPORATED 


DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 

. 8080A CPU 

• 8224 Clock Device 

• 8228 System Controller 

• 8259 PIC 

. TMS 5501 I/O Controller 
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8080A/8080A-1/8080A-2 
ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias . 0“C to +70“ C 

Storage Temperature -65‘’C to +150°C 

All Input or Output Voltages 

With Respect to -0.3V to +20V 

Vcc. Vdd and Vss With Respect to Vbb -0.3V to +20V 
Power Dissipation 1.5W 


'COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of die de- 
vice at these or any other conditions above those indicated in 
the operationai sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reiiabiiity. 


D C. CHARACTERISTICS 

Ta = 0°C to 70°C, VoD = +12V ± 5%. Vcc = +5V ± 5%, Vbb = -5V ± 5%, Vss = OV, Unless Otherwise Noted. 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Condition 

V|LC 

Clock Input Low Voltage 

Vss-1 


Vss+0.8 

V 

Iql ” 1.9mA on all outputs, 

Iqh = “1 BOjuA. 

Operation 

Tcy = -48 jusec 

Vss ^ V|N < Vcc 

Vss ^ VcLOCK ^ Vdd 
Vss<V,n<Vss+0.8V 
Vss+0.8V<V,n<Vcc 

VaDDR/DATA = Vcc 
VaDDR/DATA = Vss + 0.45V 

V|HC 

Clock Input High Voltage 

9.0 


Vdd+1 

V 

V|L 

Input Low Voltage 

Vss-1 


Vss+0.8 

V 

V|H 

Input High Voltage 

3.3 


Vcc+1 

V 

VoL 

Output Low Voltage 


B 

0.45 

V 

Vqh 

Output High Voltage 

3.7 



V 

Idd(av) 

Avg. Power Supply Current (Voq) 


40 

70 

mA 

■CC (AV) 

Avg. Power Supply Current (Vcc) 


60 

80 

mA 

•bB (AV) 

Avg. Power Supply Current (Vbb) 


.01 

1 

mA 

l|L 

Input Leakage 



+ 10 

pA 

•cL 

Clock Leakage 



±10 

pA 

•dl^21 

Data Bus Leakage in Input Mode 

■ 

■ 

-100 

-2.0 

ma 

mA 

Ifl 

Address and Data Bus Leakage 

During HOLD 


■ 

+ 10 
-100 

pA 


CAPACITANCE 

T^ = 25''C Vcc = VoD = Vss = OV, Vbb = -5V 


Symbol 

Parameter 

Typ. 

Max. 

Unit 

Test Condition 

C0 

Clock Capacitance 

17 

25 

pi 

fc = 1 MHz 

CiN 

Input Capacitance 

6 

10 

pi 

Unmeasured Pins 

CoUT 

Output Capacitance 

10 

20 

pi 

Returned to Vss 


NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and V|rg > V||.| an internal active pull up will 
be switched onto the Data Bus. 

3. A I supply / AT A - -0.45%/° C. 



AMBIENT TEMPERATURE (“O 

Figure 2. Typical Supply Current vs. 

Temperature, Normalizedt'^l 



Figure 3. Data Bus Characteristic 
During DBIN 

Data sheets on pages 4-D2 through 4-D12 are reprinted by permission of Intel Corporation, Copyright 1978. 
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ADAM 


8b80A/8080A-1 /8080A-2 
A.C. CHARACTERISTICS (8080A) 

Ta = O^c to 70°C, VoD = +12V ± 5%, Vcc = +5V ± 5%, Vbb = -5V ± 5%, Vss = OV, Unless Otherwise Noted 



Delay 0^ to 02 Leading Edges 


Address Output Delay From 02 


toD^^) Data Output Delay From Og 


tDcI^I Signal Output Delay From Sg or <>2 (SVNC, WR. WAIT, HLDA) 


tDF^^) DBIN Delay From 0 g 


Delay lor Input Bus to Enter Input Mode 


Data Setup Time During 0 f and DBIN 


. Cl=100pF 
. Cl = 50pF 
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8080A/8080A-1 /8080A-2 
A.C. CHARACTERISTICS (8080A) 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vcc = +5V ± 5%. Vbb = -5V + 5%, Vgs = OV, Unless Otherwise Noted 


Symbol 

Paramttor 

Min. 

Max. 

•1 

Min. 

•1 

Max. 

•2 

Min. 

•2 

Max. 

Unit 

Teat Condition 

tDS2 

Data Setup Time to 02 During DBIN 

150 


120 


130 


nsec 

Cl = 50 pF 

tOHl'l 

Data Holt time From 02 During DBIN 

HI 


[1] 


HI . 


nsec 

tiEl2I 

INTE Output Delay From 02 


200 


200 


200 

nsec 

»RS 

READY Setup Time During 02 

120 


90 


90 


nsec 

*HS 

HOLD Setup Time to 02 

140 


120 


120 


nsec 

•is 

INT Setup Time During 02 

120 


100 


100 


nsec 

•h 

Hold Time From 02 (READY, INT, HOLD) 

0 


0 


0 


nsec 

•fd 

Delay to Float During Hold (Address and Data Bus) 


120 


120 


120 

nsec 

•aw*^* 

Address Stable Prior to WR 

151 


[5] 


I5l 


nsec 


Cl= 100 pF: Address, Data 
■ Cl = 50 pF: WR,HLDA,DBIN 


Output Data Stable Prior to WR 

16] 


16] 


[6] 


nsec 

•WD*^' 

Output Data Stable From WR 

17] 


[7] 


17] 


nsec 

•waI^I 

Address Stable From WR 

m 


[7] 


[7] 


nsec 

•hfI^I 

HLDA to Float Delay 

18] 


18) 


[8] 


nsec 

tWFl21 

WR to Float Delay 

19] 


19] 


19] 


nsec 

•ahI^I 

Address Hold Time After DBIN During HLDA 

-20 


-20 


-20 


nsec 



NOTES: (Parenthesis gives -1, -2 specifications, respectively) 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
toH ' 50 ns or tjjp, whichever is less. 

2. Load Circuit. 


3. 


4. 


5. 

6. 

7. 

8 . 
9. 

to. 

It. 

12 . 

13 . - 

14. 



•CY = *03 + *742 + H2 + •(+2 + *02 + •r+1 ^ ^80 ns (- 1:320 ns, -2:380 ns). 



-too -50 0 +50 +100 


J CAPACITANCE Ipl) 
l*'ACTUAL " ^SPtc’ 


The following are relevant when interfacing the SOBOA to devices having V|h •= 3.3V: 
al Maximum output rise time from .8V to 3.3V ■= lOOns @ Cl * SPEC. 

b) Output delay when measured to 3.0V • SPEC +60n$ @i Cl * SPEC. 

c) If Cl SPEC, add .6ns/pF if Cl> OgPEC- subtract .Ons/pF (from modified delay) if Cl < CSPEC- 

^AW = 2 tcY - 103 - *rf2 “ 1^0 ns (- 1:110 ns, -2:130 ns). 

*DW = ‘CY - >03 “ >742 - 170 ns (- 1:150 ns, - 2:170 nsj. 

If not HLDA, tyyp = tyVA “ *03 '*’10ns. If HLDA, * 'WF* 

tHF = tD3 + V02-5Ons. 

*WF = «03 + «r02 -10ns 

Data in nrtust be stable for this period during DBIN T3. Both tpsi 1DS2 satisfied. 

Ready signal must be stable for this period during T2 or Tyy. (Must be externally synchronized.) 

Hold si9ndf must be stable for this period during T2 or Tyy when entering hold mode, and during T3, T4, T5 
and Tyy^^ when in hold mode. (External synchronization is not required.) 

Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction. (External synchronization is not required.) 

This timing diagrem shows timing relationships only; it does not represent any specific machine cycle. 
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ADAM OSBORNE & ASSOCIATES, INCORPORATED 


8224 


ABSOLUTE maximum RATINGS* 


Temperature Under Bias 0°Cto70°C 

Storage Tempeirature — 65°C to 150°C 

Supply Voltage, Vcc —0.5V to +7V 

Supply Voltage, Vqd -0.5V to +13.5V 

Input Voltage —1.5V to +7V 

Output Current lOOrhA 


'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 

Ta = 0“c to 70‘’C; Vcc = +5.0V ±5%; Vdd = +12V ±5%. 




Limits 1 

i 


Symbol 

Parameter 

Min. 

1 Typ. 

Max. 

Units 

T est Conditions 

If 

Input Current Loading 



-.25 

mA 

Vp = .45V 

’r 

Input Leakage Current 



10 

pA 

Vr = 5.25V 

Vc 

Input Forward Clamp Voltage 



1.0 

V 

Ic = -5mA 

V|L 

Input "Low” Voltage 



.8 

V 

Vcc = 5.0V 

V|H 

Input "High" Voltage 

2.6 



V 

Reset Input 



2.0 




All Other Inputs 

V,H-V,L 

RESIN Input Hysteresis 

.25 



V 

Vcc = 5.0 V 

VoL 

Output "Low" Voltage 



.45 

V 

Ready. Reset, STSTB 
Iql “2.5mA 





.45 

V 

All Other Outputs 

I6u.“ 15mA 

Vqh 

Output "High" Voltage 

9.4 



V 

•oh = -lOOpA 


READY, RESET 

3.6 



V 

•oh -100/iA 


All Other Outputs 

2.4 



V 

•oh = -1mA 

Iscl^^ 

Output Short Circuit Current 

-10 


-60 

mA 

Vo = ov 


(All Low Voltage Outputs Only) 





Vcc = 5.0V 

•cc 

Pow— Cupply Current 



115 

mA 


■dd 

Power Supply Current 



12 

mA 



Note: 1. Caution, and 02 output drivers do not have short circuit protection 


Crystal Requirements 

Tolerance: .005% at O^C -70°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Typ.) : 4mW 

*With tank circuit use 3rd overtone mode. 
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8224 

A.C. CHARACTERISTICS 

Vcc = +5.0V ± 5%; Vdd = +12.0V ± 5%; Ta = 0°C to 70°C 


Symbol 

Parameter 

1 Limits 1 

Units 

! Test 

Conditions 

Min. . 

Typ. 

Max. 

t0i 

1 

01 Pulse Width 

^ - 20ns 

9 



ns 

Cl = 20pF to 50pF 

t02 

02 Pulse Width 

5i^-35ns 

9 



tD1 

01 to 02 Delay 

0 



tD2 

02 to 01 Delay 

?^^-14ns 

9 



tD3 

01 to 02 Delay 

2tcy 

9 


^ + 20ns 

9 

tR 

01 and 02 Rise Time 



20 

tp 

01 and 02 Fall Time 



20 

tD02 

02 to 02 (TTL^ Delay 

-5 


+15 

ns 

02TTL,CL=3O 

Rl = 3oon 
R 2 = 600 n 



tOR 

RDYINor RESIN to 

02 Delay 

tCLK 

CLK Period 

^max 

Maximum Oscillating 
Frequency 

Cin 

Input Capacitance 



27 

MHz 

8 

pF 


Ready & Reset 
CL=10pF 
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8224 

WAVEFORMS 



VOLTAGE MEASUREMENT POINTS: (t)2 Logic "O’* = 1.0V, Logic "1" = 8.0V. All other signals measured at 1.5V. 

EXAMPLE: 

A.C. CHARACTERISTICS (For tcv = 488.28 ns) 

Ta = 0°C to 70°C; VoD = +5V ±5%; Vdd = +12V ±5%. 


Symbol 

Parameter 

Limits 

Units 

Test Conditions 

Min. 

Typ. 

Max. 

t<)i 

(j)] Pulse Width 

89 



ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

tcY=488.28ns 

_ 01 & 02 Loaded to . 

Cl = 20 to 50pF 

Ready & Reset Loaded 
to 2mA/10pF 

All measurements 
referenced to 1.5 V 
unless specified 
otherwise. 

t02 

02 Pulse Width 

236 



tpi 

Delay 0i to 02 

0 



tD2 

Delay 02 to 0i 

95 



^03 

Delay 0i to 02 Leading Edges 

109 


129 

tr 

Output Rise Time 



20 

tf 

Output Fall Time 



20 

toss 

02 to STSTB Delay 

296 


326 

tD02 

02 to 02 (TTL) Delay 

-5 


+15 

tpw 

Status Strobe Pulse Width 

40 



tORS 

RDYIN SetupTime to STSTB 

-167 



tDRH 

RDYIN Hold Time after STSTB 

217 



tOR 

READY or RESET 
to 02 Delay 

192 



fMAX 

Oscillator Frequency 



18.432 

MHz 
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8228/8238 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under "Absolute 


Maximum Ratings" may cause permanent damage to the 

Temperature Under Bias — 0°C to 70°C device. This is a stress rating only and functional opera- 

Storage Temperature -65°C to 150°C tion of the device at these or any other conditions above 

Supply Voltage, Vcc —0.5V to +7V those indicated in the operational sections of this specif i- 

Input Voltage — 1.5Vto+7V cation is not implied. Exposure to absolute maximum 

Output Current. 100mA rating conditions for extended periods may affect device 

reliability. 


D.C. CHARACTERISTICS Ta = o°c to 70°C; Vcc = 5 V ±5%. 




Limits 1 



Symbol 

Parameter 

■ Min. 

Typ.lll 

Max. 

Unit 

Test Conditions 

Vc 

Input Clamp Voltage, All Inputs 


.75 

- 1.0 

V 

Vcc= 4.75V; lc=-5mA 

If 

Input Load Current, 

STSTB 

■ 

■ 

500 

pA 

Vcc = 5.25V 


O 2 & O 0 



750 

MA 

Vf= 0.45 V 


Dq. Di . ^4; tie, 

& D 7 

■ 

■ 

250 

pA 



All Other Inputs 



250 

ma . 


Ir 

Input Leakage Current 

STSTB 

■ 

■ 

100 

MA 

Vcc = 5.25 V 


DBq-DB 7 



20 

pA 

Vr= 5.25V 


All Other Inputs 



100 

pA 


Vth 

Input threshold Voltage, All Inputs 

0.8 1 


2.0 

V 

Vcc = 5V 

Icc 

PoWS,r supply Current 


140 

190 

mA 

Vcc=5.25V 

VOl 

Output Low Voltage, 

D 0 D 7 

■ 

■ 

.45 

V 

Vcc= 4.75V; loL=2mA 


All Other Outputs 



.45 

V 

loL = lOmA 

Vqh 

Output High Voltage, 

D 0 -D 7 

3.6 

3.8 

■ 

V 

Vcc=4.75V;Ioh=-10mA 


All Other Outputs 

2.4 



V 

Iqh = -IhiA 

■os 

Short Circuit Current, All Outputs 

15 


90 

mA 

Vcc=5V 

lo(off) 

Off State Output Current, 

All Control Outputs 

■ 

■ 

100 

pA 

Vcc=5.25V;Vo=5.25 



■ 

■ 

-100 

mA 

Vo=.45V 

l|NT 

INTA Current 



5 

mA 

(See Figure below) 


Note 1 : Typical values are for Ta - 25°C and nominal supply voltages. 
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8228/8238 

WAVEFORMS 



SYSTEM BUS DURING READ 


aOM BUS DURING READ < 


1 \<czkz=>- 


*Rt 


iOMOR MEMM 


••ocH K 

V 

/ 

Vr 

H *WR 


\ 

/ 


BOBO BUS DURING WRITE 


SYSTEM BUS DURING WRITE 


SYSTEM BUS ENABLE 


SYSTEM BUS OUTPUTS 


> 

.. n. .. ... ^ 


1 

'WD 

r<^ 

X 


\ 

/ 

•1 *c 

■ », I| u . 

1 •> 


VOLTAGE MEASUREMENT POINTS: OQ-Oy (when outputs) Logic "0" = 0.8V, Logic '*1" = 3.0V. All other signals measured 

at 1.5V. 


^ADVANCED lOW/MEMW FOR 8238 ONLY. 


A.C. CHARACTERISTICS Ta = 0°C to 70’C; Vcc = 5V ±5%. 


Symbol 

Parameter 

Limits 

Units 

Condition 

Min. 

Max. 

tpw 

Width of Status Strobe 

22 


ns 


tss 

Setup Time, Status Inputs D 0 -O 7 

8 


ns 


tSH 

Hold Time, Status Inputs D 0 -O 7 

5 


ns 


toe 

Delay from STSTB to any Control Signal 

20 

60 

ns 

Cl = lOOpF 

^RR 

Delay from DBIN to Control Outputs 


30 

ns 

Cl = lOOpF 

tRE 

Delay from DBIN to Enable/Disable 8080 Bus 


45 

ns 

Cl = 25pF 

tRD 

Delay from System Bus to 8080 Bus during Read 


30 

ns 

Cl = 25pF 

tWR 

Delay from WR to Control Outputs 

5 

45 

ns 

Cl = lOOpF 

tWE 

Delay to Enable System Bus DBo-DB 7 after STSTB 


30 

ns 

Cl = lOOpF 

%D 

Delay from 8080 Bus Do-D 7 to System Bus 

DBo'DB 7 during Write 

5 

40 

ns 

Cl = lOOpF 

tE 

Delay from System Bus Enable to System Bus DBo-DB 7 


30 

ns 

Cl = lOOpF 

tHD 

HLDA to Read Status Outputs 


25 

ns 


tos 

Setup Time, System Bus Inputs to HLDA 

10 


ns 


tDH 

Hold Time, System Bus Inputs to HLDA 

20 


ns 

Cl = lOOpF 
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8228/8238 AND 8259/8259-5 
CAPACITANCE 


This parameter Is periodically sampled and not 100% tested. 


Symbol Parameter 

Limits 

Unit 

Min. 

Typ.tll 

Max. 

C|N Input Capacitance 


8 

12 

pF 

Output Capacitance 
Control Signals 


7 

15 

pF 

. I/O Capacitance 

(DorDB) 


8 

15 

pF 


Test Conditions: NS: Vbias = 2.5V, Vcc = 5.0V, Ta = 25°C,f = 1 MHz. 


Note 2; For Dg-Dy: Ri = 4Kn, R2 = "fJ, 

Cl = 25pF. For all other outputs: 

Rl =500n,R2= 1Kn,CL= lOOpF, 


Ac 




Figure 1. INTA Test Circuit (for RST 7) 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto+150°C 

Voltage On Any Pin 

With Respect to Ground -0.5Vto+7V 

Power Dissipation 1 Watt 


’COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may causa permanent damage to the device. This is a stress rating 
only and functional operation ol the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


D.C. CHARACTERISTICS 

(Ta = 0°C to 70°C; Vcc = 5V ±5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

V|L 

Input Low Voltage 

-.5 

.8 

V 


V|H 

Input High Voltage 

2.0 

VCC+.5V 

V 


VoL 

Output Low Voltage 


.45 

V 

Iql ” 2 mA 

VoH 

Output High Voltage 

2.4 


V 

lOH = -400 nA 

VoH-INT 

Interrupt Output High Voltage 

2.4 

3.5 


V 

V 

I OH = -400 fxA 

1 OH = -50 /iA 

.'iL(IRo.7) 

Input Leakage Current 

for IR0.7 


-300 

10 

ma 

pA 

V|N = OV 

V|N = Vcc 

l|L 

Input Leakage Current 

for Other Inputs 


10 

juA 

V|N “ Vcc 10 OV 

Iqfl 

Output Float Leakage 


+10 

ma 

VouT - 0.45V to Vcc 

Icc 

Vcc Supply Current 


100 

mA 



CAPACITANCE 

Ta = 25°C; Vcc = GND = OV 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

TEST CONDITIONS 

C|N 

Input Capacitance 



10 

pF 

fc= 1 MHz 

C|/0 

I/O Capacitance 



20 

pF 

Unmeasured pins returned to Vss 
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8259/8259-5 


A.C. CHARACTERISTICS 

(Ta = 0°C to 70° C; Vcc = +5V ±5%, GND = OV) 

Bus Parameters 
Read: 


SYMBOL 

PARAMETER 

82 

MIN. 

59 

MAX. 

82E 

MIN. 


UNIT 

^AR 

CS/Aq Stable Before RD or INTA 

50 


50 


ns 

tRA 

^/Ao Stable After ^ or INTA 

5 


30 


ns 

tRR 

RD Pulse Width 

420 


300 


ns 

tRD 

Data Valid From 1 


300 


200 

ns 

tOF 

Data Float After RD/IFTA 

20 

200 

20 

100 

ns 


Write: 




8259 



SYMBOL 

PARAMETER 

MIN. 

MAX. 

MIN. 


UNIT 

fAW 

Aq Stable Before WR 

50 


50 


ns 

fWA 

Aq Stable After WR 

20 


30 


ns 

tww 

WR Pulse Width 

400 


300 


ns 

tow 

Data Valid to WR (T.E.) 

300 


250 


ns 

fWD 

Data Valid After WR 

40 


30 


ns 


Other Timings: 







SYMBOL 

PARAMETER 

MIN. 


MIN. 

MAX. 

UNIT 

t|W 

Width of Interrupt Request Pulse 

100 


100 


ns 

f|NT 

INT t After IR t 

400 


350 


ns 

f|C 

Cascade Line Stable After INTA t 

400 


400 


ns 


Note 1 ; 8259: Cl = 1 0OpF, 8259-5: Cl = 1 50pF. 


Input Waveforms for A.C. Tests 
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8259/8259-5 


WAVEFORMS 


Read Timing 


Write Timing 


ADDRESS BUS 


DATA BUS HJGH IMPEDANCE sa 
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Mote: Interrupt Request must remain "HIGH" (at least) until leading edge of first INTA. 


Read Status/Poii Mode 
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TMS 5501 

TMS 5501 ELECTRICAL AND MECHANICAL SPECI FICATIONS 


ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 


Supply voltage, Vcc (see Note 1) . . . 

Supply voltage, Vqd (see Note 1 . . , 

Supply voltage, Vss (see Note 1) . . . 

All input and output voltages (see Note 1) 

Continuous power dissipation 

Operating free-air temperature range . , 
Storage temperature range 


-0.3 V to 20 V 
-0.3 V to 20 V 
-0.3 V to 20 V 
-0.3 V to 20 V 
. ... 1.1 W 
. 0°C to 70°C 

-65“Cto 150°C 


’Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1 ; Under absolute maximum ratings voltage values are with respect to the normally most negative supply voltage, V0g (substrate). 
Throughout the remainder of this data sheet, voltage values are with respect to Vgg unless otherwise noted. 


RECOMMENDED OPERATING CONDITIONS 



MIN 

NOM 

MAX 

UNIT 

Supply voltage, Vg0 

-4.75 

-5 

-5.25 

V 

Supply voltage, Vcc 

4.75 

5 

5.25 

V 

Supply voltage, Vqq 

11.4 

12 

12.6 

D 

Supply voltage, Vss 

0 

mm 

High-level input voltage, V|h (all inputs except clocks) 

3.3 


VcC'*’! 

El 

High-level clock input voltage, V|H(0) 

9 


Vdd +1 

n 

Low-level input voltage, V|l (all inputs except clocks) (see Note 2) 

-1 


0.8 

El 

Low-level clock input voltage, V|i_(0) (see Note 2) 

-1 


0.8 

Bi 

Operating free-air temperature, T/\ 



70 

Bi 


NOTE 2; The algebraic convention where the most negative limit is designated as minimum is used in this specification for logic voltage levels only. 


Data sheets on pages D-13 through D-16 are reproduced by permission of Texas Instruments Incorporated. 
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TMS 5501 

ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

1222111 

^ Input current (any input except 

* clocks and data bus) 

V| = 0 V to Vcc 

±10 

pA 


Clock input current 

V|( 0 ) = 0 V to VpD 

±10 

ESI 

'l(DB) 

Input current, data bus 

V|(db) = 0 V to Vcc. CEatOV 

-50 

■a 

Vqh 

High-level output voltage 

'oh “ '^00 pA 

3.7 

mm 

Vql 

Low-level output voltage 

Iql “ 1-7 iTiA, 

0.45 

mm 

<BB(avl 

Average supply current from Vb 0 

Operating at tc(</>) = 480 ns, 

Ta = 25°C 

-1 


'CC(av)' 

Average supply current from Vcc 

100 

mA 

iDD(av) 

Average supply current from Vqd 

40 


Ci 

Capacitance, any input except clock 

Vcc = Vdd = Vss = 0 V, 

10 


C|(0) 

Clock input capacitance 

Vbb = -4.75 to -5.25 V, f = 1 MHz, 

75 

pF 

Cq 

Output capacitance 

All other pins at 0 V 

20 



TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 



MIN 

MAX 

nwH 

*c( 0 ) 

Clock cycle time 

480 

2000 

■a 

tr( 0 ) 

Clock rise time 

5 

50 


^f( 0 ) 

Clock fall time 

5 

50 


'w( 01 ) 

Pulse width, clock 1 high 

60 

■a 

fw( 02 ) 

Pulse width, clock 2 high 

imjjji 

Ksa 

jUiliH 

1d(01 L-02) 

Delay time, clock 1 low to clock 2 

0 


fd( 02 - 01 ) 

Delay time, clock 2 to clock 1 

70 

HQH 

fd( 01 H- 02 ) 

Delay time, clock 1 high to clock 2 (time between leading edges) 

80 

mm 

fsu(ad) 

Address setup time 

50 

mm 

tsu(CE) 

Chip-enable setup time 

50 

IQI 

fsu(da) 

Data setup time 

50 


^sulsync) 

Sync setup time 

50 

IIQI 

tsu(XI) 

External input setup time 

50 


1 h(ad) 

Address hold time 

0 


fh(CE) 

Chip-enable hold time 

10 

■B! 

lh(da) 

Data hold time 

10 

■a 

th(sync) 

Sync hold time 

10 

■a 

th(XI) 

External input hold time 

40 

IIIQ32 

fwlsens H) 

Pulse width, sensor input high 

500 


*w(sens L) 

Pulse width, sensor input low 

500 

IQI 

fd(sens-int) 

Delay time, sensor to interrupt (time between leading edges) 

2000 


fd(rst-int) 

Delay time, RST instruction to interrupt (time between trailing edges) 

500 

■a 
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TMS 5501 

SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED 
OPERATING CONDITIONS (SEE FIGURES 6 AND 7) 



<PZX 

tpxz 

tPD 


PARAMETER 

Data bus output enable time 

Data bus output disable time to high-impedance state 
External data output propagation delay time from $2 


TEST CONDITIONS MIN 

Cl = lOOpF, 

RL=1.3kn 



TMS 5501 
OUTPUT 


Rl = 1.3 kn 


Cl= lOOpF 


C|_ includes probe and jig capacitance 


LOAD CIRCUIT 


<t>2\ td(«1HH<)2)- 



' ' ' 

tr(0)-H I H 

ki 


•td(01LH02) 


I 1 <w(02)' 

L I ^ 


I ! 


•ld(02-<01) 




(DON'T CARE( 


' Hi-Z 1/ 


Hi-Z I. 


OUTPUT DATA VALID 

4 1 

I OUTPUT DATA VALID 


OUTPUT DATA VALID 


READ FUNCTION ADDRESS 


;don't care) 


EXTERNAL 

INPUTS 


EXTERNAL INPUT DATA 


'<D0N'TCARE< 


NOTE: For 01 or 02 inputs, high and low timing points are 90% and 10% of V||.|( 0 ). All other timing points are the 50% level. 


FIGURE 6-READ CYCLE TIMING 
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TMS 5501 



EXTERNAL 

OUTPUTS 


PREVIOUS EXTERNAL OUTPUT DATA 


tPD-k 

DATA 


NOTE: For 01 and 02 inputs, high and low timing points are 90% and 10% of V | h( 0) A'' other timing points are the 50% level. 

FIGURE 7-WRITE CYCLE TIMING 


SENSOR 


INTERRUPT 


RST INSTRUCTION 
ON DATA BUS 
(See Note 1) ”” 




'w(sens H) ^wlsens L)-^ 

^ 


-'d(sens-int)- 




— 'd(rst-int)- 


NOTES; 1 . The RST instruction occurs during the output data valid time of the read cycle. 
2. All timing points are 50% of V|)^. 


FIGURE 8-SENSOR/INTERRUPT TIMING 
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Chapter 5 
THE 8085 


The 8085A is Intel's enhancement of the 8080A — just as the Z80 is Zilog's enhancement of the 8080A. The 
Z80 is described in Chapter 7. 

Intel is the developer of the 8085A; Intel is also the principal manufacturer of the 8080A. But the individuals at 
Zilog who developed the Z80 were previously employed by Intel, at which time they developed the 8080A 
from the 8008. The Z80 and the 8085A therefore have equal claim to be the legitimate desc'endent of the 
8080A. 

The 8085A provides the same logic as the 8080A, 8224 and 8228 three-chip CPU. The 8085A has the following 
additional enhancements: 

1) The 8085A requires a single +5V power supply. 

2) The 8085A uses a single clock signal. 

3) The 8085A has a primitive on-chip serial I/O capability which may also be used to input status and output control 
signals. 

4) The 8085A has interrupt request pins with hardware-generated interrupt vectoring. 

5) The 8085A operates with a standard 320 nanosecond clock as against the standard 500 nanosecond clock of the 
8080A. But recall that there are versions of the 8080A that operate with a 250 nanosecond clock. 

The 8085A instruction set is almost identical to the 8080A instruction set; in contrast, the Z80 has a massively 
expanded instruction set. The large Z80 instruction set has been criticized for its complexity, but one could argue that 
since the Z80 also provides the complete 8080A instruction set, anyone who does not want to use the additional in- 
structions can simply ignore them. 

The 8085A multiplexes its Data Bus with the low-order Address Bus lines. Such multiplexing demands custom 
support devices, or external demultiplexing logic. 

Figure 5-3 and associated text provide a direct comparison of 8085A and 8080A signal interfaces. 

In addition to the 8085A microprocessor, support devices described in this chapter include: 

-The 8155/8156 static RAM with I/O ports and timer. This device provides 256 bytes of static read/write memory. 
-The 8355 ROM with I/O ports. This device provides 2048 bytes of read-only memory plus I/O logic. 

- The 8755A EPROM with I/O ports. This device provides 2048 bytes of erasable programmable read-only memory with 
I/O logic. 

The 8085A is a new version of an earlier device, the 8085. In most respects the two parts 
are identical — however, there are some important differences, which we will note 
throughout this chapter. Where we note no difference, the discussion applies to both the 
8085 and the 8085A. 

Standard 8080A support devices described in Chapter 4 and in Volume III cannot be used with the 8085A 
unless the 8085A is operating with a 500 ns clock. If you are using the 8085A with a 320 ns clock, you must 
use the special -5 series of support parts. 

The 8085A prime source is: 

INTEL CORPORATION 
3065 Bowers Avenue 
Santa Clara, California 95051 

The 8085A second source is; 

ADVANCED MICRO DEVICES 
901 Thompson Place 
Sunnyvale, California 940S6 


8085 AND 
8085A 
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The 8085A uses a single +5V power supply: it is packaged as a 40-pin DIP. 

Using a 320 nanosecond clock, instruction execution times range from 1.3 microseconds to 5.75 microseconds. 
All 8085A devices have TTL compatible signals. 


Clock Logic 



Figure 5-1. Logic of the 8085A Microprocessor 


THE 8085A CPU 

Functions implemented on the 8085A CPU are illustrated in Figure 5-1 ; they represent typical CPU logic. The 

8085A has an Arithmetic and Logic Unit, a Control Unit, Accumulators and registers. 

Clock logic is on the 8085A CPU chip; only an external crystal or RC network is needed. 

Bus interface logic which was excluded on the 8080A is provided by the 8085A. 

N-channel silicon gate technology is used by all 8085A devices. 
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8085A PROGRAMMABLE REGISTERS 

The 8085A programmable registers are identical to the 8080A programmable registers. They may be illustrated 
as follows: 



PSW 

A 

B 

C 

D 

E 

H 

L 

SP 

PC 


Program Status Word ) These two sometimes 
Primary Accumulator ) treated as a 16-bit unit 
Secondary Accumulators/Data Counter 
Secondary Accumulators/Data Counter 
Secondary Accumulators/Data Counter 
Stack Pointer 
Program Counter 


For a discussion of 8085A programmable registers refer to the 8080A CPU description given in Chapter 4. 

8085A ADDRESSING MODES 


The 8085A uses exactly the same memory addressing modes as the 8080A. Direct and implied memory ad- 
dressing are available. See the 8080A addressing modes description given in Chapter 4 for details. 

8085A STATUS 

The 8085A has the same set of status flags as the 8080A; status flags are stored in the same bits of the Pro- 
gram Status Words. The five status flags provided are: 


Zero (Z) 

Sign (S) 

Parity (P) 

Carry (C) 

Auxiliary Carry (AC) 


Status flags are assigned to bits of the Program Status Words as follows: 


7 6 5 4 3 2 1 0 - 

|S|z|X|Aclx|P|xlC| 


Bit No. 


Unassigned 


For a discussion of status flags refer to the 8080A status description given in Chapter 4. 


8085A CPU PINS AND SIGNALS 

8085A CPU pins and signals are illustrated in Figure 5-2. 

Whereas the internal architecture and the instruction sets of the 8080A and the 8085A are very similar, pins and sig- 
nals are not. We will therefore begin by describing 8085A signals without reference to, or comparison with, the 8080A; 
then we will compare the two interfaces. 

The Address and Data Busses of the 8085A are multiplexed. Pins A8 - A15 are output-only lines which carry the 
high-order byte of memory addresses. ADO - AD7 are bidirectional lines which output the low-order byte of memory 
addresses; ADO - AD7 also serve as a bidirectional Data Bus. 
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PIN NAME 

DESCRIPTION 

TYPE 

ADO - AD7 

Address/Oata Bus 

Bidirectional, tristate 

A8-'a15 

Address Bus 

Output, tristate 

ALE 

Address Latch Enable 

Output* 

RO 

Read Control 

Output, tristate 

WR_ 

Write Control 

Output, tristate 

lO/M 

I/O or Memory Indicator 

Output, tristato 

SO, SI 

Bus State Indicators 

Output 

READY 

Wait State Request 

Input 

SID 

Serial Data Input 

Input 

SOD 

Serial Data Output 

Output 

HOLD 

Hold Request 

Input 

HLDA 

Hold Acknowledge 

Output 

|NTR 

Interrupt Request 

Input 

TRAP 

Non-maskable Interrupt Request 

Input 

RST 5.5 

Hardware vectored 

( Input 

RST 6.5 > 

interrupt requests 

< Input 

RST 7.5 J 

\ Input 

INTA 

Interrupt Acknowledge 

Output 

RESET IN 

System Reset 

Input 

RESET OUT 

Peripherals Reset 

Output 

XI, X2 

Crystal or RC Connections 

Input 

CLK 

Clock Signal 

Output 

'^cc Vss 

Power, Ground 



♦This output is tristate on the 8085, but not on the 8085A 


Figure 5-2. 8085A CPU Signals and Pin Assignments 
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ALE is an address latch enable signal which pulses high when address data is being out- 
put on ADO - AD7. You may use the falling edge of ALE to strobe the address off 
ADO - AD7 into external latches if you are demultiplexing ADO - AD7 into separate Address 
and Data Busses. ALE is a tristate output on the 8085, an earlier version of the 8085A. 


ALE DIFFERENCE 
IN 8085 AND 
8085A 


Five control signals control memory and I/O accesses. 

RD is pulsed low for a memory or I/O read operation. 

WR is pulsed low for a memory or I/O write operation. 

lO/M is output high in conjunction with RD or WR for an I/O access. 


8085A 

CONTROL 

SIGNALS 


lO/M is output low in conjunction with RD or WR for a memory read or write operation. 
The state of the System Bus is further defined by the SO and SI status signals as follows: 

SI SO OPERATION SPECIFIED 
0 0 Halt 

0 1 Memory or I/O write 

1 0 Memory or I/O read 

1 1 Instruction fetch 


8085A 
DATA BUS 
DEFINITION 
SIGNALS 


External logic that does not have sufficient time to respond to an access can gain additional time by using the READY 
input signal. The READY input can be used to insert Wait state clock periods in any machine cycle. Timing and 
logic associated with Wait states is described later in this chapter. 

Two signals allow a primitive serial I/O capability. The high-order Accumulator bit may be out- 
put via SOD. The signal level at SID may be input to the high-order bit of the Accumulator. 

SID and SOD may also be used to input status and to output control signals. 

Two signals allow external logic to take control of the System Bus. 

HOLD, when input high, floats the Address Bus plus the RD, WR, lO/M and ALE control sig- 
nals. HLDA is output high to acknowledge this Hold condition. 

There are six signals associated with interrupt logic. Interrupts may be requested via INTR, 

RST 5. 5, RST 6.5, RST 7.5 and TRAP. An interrupt request made via INTR is acknowledged 
via the INTA output. 

INTR is the general purpose interrupt request used by external logic: it is equivalent to the 8080A 
INTR signal. 


8085A 
SERIAL I/O 


8085A BUS 

CONTROL 

SIGNALS 

8085A 

INTERRUPT 

SIGNALS 


TRAP is a non-maskable, highest priority interrupt request. TRAP is used for catastrophic failure interrupts. 


RST 5.5, RST 6.5 and RST 7.5 are three interrupt request signals supported by hardware-implemented vectoring. 

Interrupt capabilities of the 8085A are described in detail later in this chapter. 

There are two signals associated with 8085A Reset logic. 

RESET IN is the Reset input signal. This signal need not be synchronized with the clock. RESET 
OUT is a Reset signal output by the 8085A for use throughout the rest of the 8085A microcom- 
puter system. 


8085A 

RESET 

SIGNALS 


X1 and X2 connect an external crystal or RC network to drive clock logic internal to the 8085A. A crystal will be 
connected as follows: 


JI 

□ 

X 


XI 


X2 
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An RC network will be connected as follows: 



You can apply a clock signal directly to XI : 

+ 5V 



The input frequency must be twice the operating frequency. Thus, to obtain a 320 nanosecond clock, or 3.125 
MHz. the input frequency must be 6.25 MHz. 

Slave 8085A devices in a multiple CPU system will usually be driven directly by a clock signal. 

A TTL level clock signal (CLK) is output by the 8085A. It may be used to drive slave CPUs, or for any other synchroniza- 
tion purpose within the microcomputer system. The frequency of CLK is the operating frequency of the 8085A: that is, 
the CLK frequency is half the input frequency. 
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A COMPARISON OF 8085A AND 8080A SIGNALS 

No attempt has been made to maintain any kind of pin compatibiiity between the 8085A and the 8080A. 
Nevertheiess, as illustrated in Figure 5-3, it is relatively simple to derive equivalent system busses when using 
the 8085A or 8080A. But look at Figure 5-3 with an element of caution. Many logical combinations of 8085A signals 
are shown reproducing 8080A signals; in reality you will never generate such logical combinations — a point which 
will become clear as the chapter proceeds. The purpose of Figure 5-3 is to illustrate the equivalence of the system 
busses generated by the 8085A and the 8080A without indicating that creation of equivalent busses is desira- 
ble. 

The 8080A signals which are shown as having direct 8085A equivalents are either obvious, or will become so after you 
have read this chapter. 

What is more interesting is to, look at the 8080A signals which no longer exist and the new 8085A signals which have 
been added. 

Let us first look at the signals which have been dropped. 

There are the surplus power supplies -5V and -H2V, plus the secondary power supplies required by the 8224 Clock 
Generator and the 8228 System Controller. Elimination of these signals is self-evident. 

INTE is an 8080A signal that indicates to external logic when interrupts have or have not been enabled internally by the 
8080A. This signal is not very useful, since external logic cannot use the information it provides. Apart from illuminat- 
ing an appropriate indicator on a minicomputer-like control panel, the INTE signal of the 8080A serves little useful pur- 
pose. 

WAIT is a signal which is output high by the 8080A while Wait states are being inserted within a machine cycle. There 
is little that external logic can do with this signal, therefore its elimination in the 8085A carries no penalty. 

BUSEN is a control input to the 8228 System Controller; it causes the 8228 to float its output signals. This signal is no 
longe r required in the 8085A since the Hold state floats all equivalent 8085A output signals — with the exception of 
INTA, which does not need to be floated. 

The 8224 Clock Generator outputs two synchronizing clock signals — OSC and <I>2 (TTL). <I>2 (TTL) is approximately 
reproduced by CLK; OSC has no equivalent 8085A signal. 

The TANK input to the 8224 Clock Generator allows overtones of the external crystal to be used. No such signal exists 
with the 8085A — which simply means that you have to use the primary frequency of any crystal connected across the 
XI and X2 inputs. 

Seven new signals have been added to the 8085A: it would have been possible to provide separate Data and 
Address Busses by eliminating these seven signals, plus the ALE control signal whose presence is a direct conse- 
quence of having multiplexed Data and Address Busses. Intel has chosen to provide the seven new signals, paying the 
price of having multiplexed Data and Address Busses. 

Let us examine the new signals. 

RST 5.5, RST 6.5, RST 7.5 and TRAP represent additional interrupt request inputs. TRAP is a non-maskable, high 
priority interrupt; the other three interrupt requests are supported by hardware-implemented vectoring. 

RESET OUT is a Reset signal output by the 8085A; it may be used to reset support devices around the 8085A. 

SID and SOD are control signals which provide a primitive serial input and output capability. These signals can also be 
used as a general purpose status input (SID) and a control output (SOD). 


8085A TIMING AND INSTRUCTION EXECUTION 

An 8085A instruction's execution is timed by a sequence of machine cycles, each of which is divided into clock 
periods. 

An instruction is executed in from one to five machine cycles labeled MCI, MC2, MC3, 

MC4 and MC5. 


8085A 

MACHINE CYCLES 
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The first machine cycle of any instruction’s execution will have either four or six clock periods. 
Subsequent machine cycles will have three clock periods only. This may be illustrated as follows: 


1 MCI 

MC2 

MC3 

MC4 

MC5 1 

mm 

la 


ED 

ia 

ED 

ED 

□ 

ia 

ED 

ED 

B 

B 

B 

B 


Where MC is shaded, the entire machine cycle is optional. Where T is shaded, the clock period is 
optional within its machine cycle. 

8085A machine cycles and clock periods are very similar to those of the 8080A. You will find in Table 5-1 that the 
number of clock periods required to execute 8085A instructions is equal to the number of clock periods required by the 
8080A to execute the same instructions, or differs by one clock period only. 

THE CLOCK SIGNALS 

The 8085A times its machine cycles using this simple clock signal; 


8085A 

CLOCK 

PERIODS 



Although the 8085A has no SYNC signal to identify the start of a new machine cycle, you can use the 8085A 
ALE signal for the same purpose. This signal is output true during the first clock period of every machine cycle — at 
which time the ADO - AD7 lines are outputting address data. In addition, you can identify the first (instruction fetch) cy- 
cle of any instruction’s execution. SO and SI will both be output high during an instruction fetch machine cycle. Clock 
periods and machine cycles may therefore be identified as follows: 

















Q 

UJ 

h- 

< 

OC 

o 
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OC 

o 

u 

z 
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tu 

5 

8 
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CA 

< 
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UJ 

Z 

OC 

o 

CQ 

CA 

O 
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< 

o 

< 
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MEMORY ACCESS SEQUENCES 

So far as external logic is concerned, there is very little difference between an instruction fetch, a memory 
read, and a memory write. We will therefore examine timing for these operations together. 



byte 



Instruction Fetch Instruction 

Decode 


Figure 5-4. A Four Clock Period Instruction Fetch Machine Cycle 

Let us first consider an instruction fetch. Timing is illustrated in Figure 5-4 for a four clock period machine cycle, 
and in Figure 5-5 for a six clock period machine cycle. 


The most important aspect of the instruction fetch machine cycle is the fact that it will have either four or six clock 
periods, as against three for all subsequent machine cycles. The instruction fetch machine cycle must have at least four 
clock periods, since the fourth clock period is needed to decode the instruction object code which has been fetched. If 
the instruction requires no subsequent memory accesses, then a fifth and sixth clock period may be needed to perform 
the internal operation specified by the fetched instruction. If additional memory accesses will be required, then the 
fourth clock period of the first machine cycle is sufficient. 

At the end of the first clock period, ADO - AD7 is floated transiently: then it is turned around to act as a Data Input Bus. 
RD is pulsed low to strobe data onto the Data Bus. 

The memory read must occur within three clock periods. Since this is an instruction fetch machine cycle, the CPU will 
place the input in the Instruction register. If external logic requires more time to respond to the memory access, then it 
can generate additional Wait clock periods. We will describe the 8085A Wait state shortly. 

During the fourth clock period of the instruction fetch machine cycle the instruction object code is interpreted by logic 
of the 8085A CPU. Fifth and sixth clock periods will be required by some instructions to execute required internal 
operations. 
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Figure 5-5. A Six Clock Period Instruction Fetch Machine Cycle 


During the fourth and subsequent clock periods, ADO - AD7 is floated and A8 - A15 contains unspecified data. 

The fact that ADO - AD7 and A8 - A15 are unknown data during the fourth and subsequent 
clock periods of an instruction fetch machine cycle must be taken into account when you 
create memory select and I/O device select logic. 

In Figures_5-4 and 5-5 SO and SI are both high, identifying this as an instruction fetch machine 
cycle. lO/M is low since the instruction object code is to be fetched from memory. An instruction 
fetch is thus equivalent to a memory read. 

The address of the memory location to be accessed is fetched from the Program Counter (PC) and is output on 
ADO - AD7 (low-order byte) and A8 - A1 5 (high-order byte). The low-order byte of this memory address is stable on 
ADO - AD7 during the first clock period. ALE is pulsed high at this time. The trailing edge of ALE is designed to act 
as a strobe signal which external logic can use to latch the low-order address byte off ADO - AD7. If you are using 
one of the 808&A support devices (the 8155, the 8156 the 8344 or the or the 8755A), then the low-order byte 
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of the memory address is latched off the ADO • AD7 lines for you. If you are using standard memory devices, 
then you must demultiplex ADO • AD7. Any simple latched buffer can be used for this purpose: here is an exam- 
ple of the 8212 I/O port being used as a demuitiplexer: 




You might argue that there is no harm done if memory or I/O devices seiect themselves 
when the System Bus is supposed to be idle; if neither the read nor write strobe is present, 
data transfer between the System Bus and the seiected device cannot occur. 

Unfortunately, the problem is not so simpie. 

It is possible for more than one memory or I/O device to consider itself selected while the bus is 
idle; this may occur under the following conditions: 

1) If I/O devices are being selected as I/O ports, then the Address Bus lines may select an I/O port while 
simultaneously selecting a memory device. 

2) In microcomputer systems that use only a small portion of the total allowed memory — and most microcomputer 
systems fall into this category — memory select logic need not decode unique memory addresses. Here is an ex- 
ample of two 4096-byte memory modules, each of which uses a single line of the Address Bus in order to create 
device selects; 

A15 
A14 
All 
AO 

CS1 

Address to Memory 
Module 1 

Address to Memory 
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Memory module 1 will be assigned the address space 8OOO16 through SFFFis- Memory module 2 will be assigned the 
address space 4OOO-|0 through 4FFFi0. In reality a variety of other addresses will select memory modules 1 or 2. Ad- 
dresses COOO10 through CFFF10 will select memory modules 1 and 2. 

A correctly written program will keep either A1 5 or A1 4 low; but while the System Bus is floating, both address lines 
could be high — in which case both memory modules will become selected. 

While signal levels on the Address Bus are changing state, memory and I/O devices may be transiently selected. Tran- 
sient selection may occur during T1 as well as during T4, T5 and T6. Transient selection may leave more than one 
memory or I/O device simultaneously selected for shor| periods of time. 

If more than one memory or I/O device is simultaneously selected, excessive loads may be placed on the 
System Bus. At best, these excessive loads will cause devices connected to the System Bus to temporarily malfunc- 
tion; at worst, device failures may result. 

It is very important to prevent devices from being spuriously selected. 

If you use RQ|\^ devices with multipl^hip select inputs, you can prevent transient memory PREVENTING 

selection by connecting the 8085A RD output to one of the select (or enable) inputs. This TRANSIENT 

will ensure that the device responds only when a valid address is on the System Bus; therefore SELECTION 
only one ROM device will be selected at a time. Refer to Volume III for information on memory 
devices. 

The simplest way of preventing memory and I/O device selection is to use lO/M, RD and PREVENTiNG 
WR as contributors to device select logic: SIMULTANEOUS 

SELECTION 
OF I/O AND 
MEMORY 


ADO A15 




I/O device 
select 
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Timing for the memory select illustrated above may be illustrated as follows; 
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I/O device select logic timing differs only in the level of lO/M. 

!0/M distinguishes between memory and I/O devices. When RD or WR is low, memory or I/O 
device addresses must be valid. Thus the logic illustrated above will guarantee that spurious 
memory and I/O device selects never occur. 

But there is a problem associated with the solution illustrated: memory and I/O devices do not receive a valid select sig- 
@ nal until early in the second clock period. This is unfortunate, since valid addresses are available early in the first clock 
period. Delaying memory select logic until the second clock period may require Wait states to be added between clock 
periods 2 and 3 — and that unnecessarily slows down CPU operations. If e><ecution speed is not a problem to you, then 
the simple select logic illustrated above will do. If execution speed is a problem, then you must replace: 



in the simple select logic with alternative logic that may be defined as follows: 
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The required S output may be generated using two flip-flops as follows: 



If your system contains an 8085, rather than an 8085A, the first S output after a Reset will 
occur before the address. lines are valid. Since ALE is tristate in the 8085, a falling edge occurs 
when Reset goes off: at this time the address lines may still be floating. One solution is to con- 
nect the first J input above to the Q output of the following D flip-flop: 


SELECT 
PROBLEM 
WITH 8085 



The flip-flop above prevents S from going high until after the first rising edge of ALE. 
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Figure 5-6. A Memory Read Machine Cycle Following an Instruction Fetch 


Let us now consider a memory read operation: timing is illustrated in Figure 5-6. So far as ex- 8085 

ternal logic is concerned, the only difference between a memory read and an instruction fetch is MEMORY 
the SO and SI signal levels; they are both high for an instruction fetch, but SO is low during a READ TIMING 
memory read. Also, the instruction fetch has four or six clock periods, while the memory read has 
three; but the extra instruction fetch clock periods occur after the memory access is completed. Therefore, so far as ex- 
ternal logic is concerned, the extra clock periods of the instruction fetch machine cycle are irrelevant. 
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Figure 5-7 illustrates I/O read timing. Only the lO/M signal level in Figure 5-7 differs from 8085 I/O 
Figure 5-6 , READ TIMING 

Memory write timing, illustrated in Figure 5-8, is v ery similar to memory read timing. The 8085 

principal difference is that during a memory write WR is output low, whereas during a memory MEMORY 

read RD is output low. Also, during a memory write operation SI is output low while SO is out- WRITE TIMING 

^ 8085 1/0 

An I/O write operation is illustrated in Figure 5-9, As compared to Figure 5-8, lO/M is high in WRITE TIMING 
Figure 5-9 during the write machine cycle; there are no other timing differences. 
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Figure 5-8. A Memory Write Machine Cycle Following an Instruction Fetch 
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Figure 5-9. An I/O Write Machine Cycle Following an Instruction Fetch 


BUS IDLE MACHINE CYCLES 

During a Bus Idle machine cycle no control signals change state on the System Bus. 

There are three types of Bus Idle machine cycles: 

1) An instruction fetch Bus Idle machine cycle. The 8085A CPU acknowledges an interrupt from 
TRAP, RST 5.5, RST 6.5, and RST 7.5 by generating a Restart instruction internally. No exter- 
nal instruction fetch operations occur; however, logic internal to the CPU requires time to 
create the instruction object code. Therefore a Bus Idle instruction fetch machine cycle is executed. Timing is il- 
lustrated in Figure 5-17. 

2) The instruction execute Bus Idle machine cycle. Only the DAD instruction uses this machine cycle. The DAD in- 
struction adds the contents of two CPU registers to two other CPU registers. It takes six clock periods for logic in- 
ternal to the 8085 CPU to complete these operations. The six clock periods are generated via two instruction ex- 
ecute Bus Idle- machine cycles. Timing is illustrated in Figure 5-10. 

Figure 5-10 shows a difference in operations between The 8085A and the earlier version, the 

8085. During an instruction execute Bus Idle machine cylce, the 8085A does not gener- 
ate a high pulse on ALE. The 8085, however, pulses ALE high during every T1 of every 

machine cycle — including instruction execute Bus Idle machine cycles. 

3) The Flalt Bus Idle machine cycle. Following execution of a Halt instruction an indeterminate number of Bus Idle 
machine cycles are executed for the duration of the Halt condition. Timing is illustrated in Figure 5-14. 
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kTED 


The condition of the lO/M, S1 and S2 signais during a Bus Idle machine cycle varies with the type of Bus Idle 
machine cycle. These three signals will conform to instruction fetch level during an instruction fetch Bus Idle machine 
cycle. During an instruction execute Bus Idle machine cycle, Memory Read signal levels are maintained, but the RD 
control signal is not pulse low. 

During a Halt Bus Idle machine cycle, SO and SI are both low but lO/M, along with other tristate signals, is floated. 
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•8085A does not generate ALE; only 8085 generates ALE during MC2 and MC3 of DAD. 
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Figure 5-10. A Bus Idle Machine Cycle Following an Instruction Fetch During 
Execution of a DAD Instruction 
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Figure 5-1 1. Wait States Occurring in a Memory Read Machine Cycle 

THE WAIT STATE 


The 8085A will insert Wait states between clock periods T2 and T3 in a manner that is cioseiy analogous to the 
8080A. Timing is illustrated in Figure 5-11, which shows Wait states being inserted in a memory read cycle; a 
Wait state inserted in any other memory reference or I/O machine cycie would differ only in the levels of control 
signals. 


The 8085A samples the READY line during T2. If READY is low during T2, then a Wait clock period will follow T2. The 
READY line is sampled in the middle of each Wait clock period; Wait clock periods continue to be inserted until READY 
is sampled high. As soon as READY is sampled high, the next clock period will be a T3 clock period — and normal pro- 
gram execution continues. This sampling may be illustrated as follows: 
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Wait states are used in an 8085A system exactly as described for the 8080A in Chapter 4 — to give slow memories and 
I/O devices more time in order to respond to an access. Thus the discussion of Wait states provided in Chapter 4 ap- 
plies equally to the 8085A. 

In Chapter 4 a pair of 7474 flip-flops are shown creating a low READY pulse that generates a single Wait state in a 
memory read machine cycle. For the 8085A the following variation applies: 



•CLK is rising edge triggered READY 

•CLEAR is low level active 


The circuit will operate with the following timing: 



If the cycle is a memory read (S = 1. SO = 0) or an instruction fetch (SI = 1, SO = 1), Q1 will go high at the falling edge 
of ALE. This will cause flip-flop 2 to go on at the next falling edge of the 8085A clock, thereby forcing READY low. The 
low on READY will clear flip-flop 1. so that READY will return high on the next falling edge of the 8085A clock. 

THE SID AND SOD SIGNALS 

The 8085A has two instructions which handle single-bit data. 

The RIM instruction inputs data from the SID pin to the high-order bit of the Accumulator. The SIM instruction 
. outputs the high-order bit of the Accumulator to the SOD pin. 

You may use the RIM and SIM instructions in order to implement a primitive serial I/O capability. A more useful applica- 
tion of these instructions is to read single signal status and to output single-signal controls. 
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When the RIM instruction is executed, the SID signal level is sampled on the rising edge of the clock signal during clock 
period T3 of the instruction fetch machine cycle. The high-order bit of the Accumulator is modified while the clock sig- 
nal is high during T1 of the next instruction fetch machine cycle. Timing may be illustrated as follows: 



When an SIM instruction is executed, the actual change in SOD signal level does not occur until T2 of the next instruc- 
tion fetch machine cycle; that is to say execution of the SIM instruction overlaps with the next instruction fetch. 

This may be illustrated as follows: 



Following an SIM instruction fetch, the high-order bit of the Accumulator is sampled while the clock is low during T2 of 
the next instruction fetch machine cycle. During the same clock period, the SOD signal level is modified to reflect the 
contents of the high-order Accumulator bit. This overlap is feasible since neither the SOD signal nor the Accumulator 
contents are modified while an instruction is being fetched. Note that SOD must be enabled before it can be accessed 
or changed; you use bit 6 of the Accumulator to enable SOD, as detailed later in this chapter when we describe the 
8085A instruction set. 
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Figure 5-12 illustrates SID and SOD signal timing during execution of a RIM instruction followed by a SIM in- 
struction. 



Figure 5-12. A RIM Instruction Followed by a SIM Instruction 
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Figure 5-13. A Hold State Following a Sipg|e Machine Cycle Instruction Execution 


THE HOLD STATE 

The 8080A and the 8085A both us^ the Hold state as a means of transiently floating the System Bus. During a 
Hold, external logic gains bus control, usually to perform direct memory access operations. 

External logic requests a Hold state by inputting HOLD high. The microprocessor responds by entering the Hold state 
and outputting HLDA high. During d Hold state the microprocessor floats all tristate signals. 

|n the 8085, an earlier version of the 8085A, ALE is a tristate signal and is floated during the 
Hold state. In the 8085A, however, ALE is kept low during Hold. 

Both the 8080A and the 8085A initiate the Hold state at the conclusion of an instruction’s execu- 
tion. But there are significarit differences between Hold, state initiation logic for the 8085A as 
against ihe 8080A. 

The BOBOA initiates a Hold state following T3 for a Read machine cycle, or following T4 for a Write machine cycle. Tim- 
irig is illustrated in Figures 4-9 and 4-10. 
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The 8085A in contrast, has a fixed, two maichine cycle sequence for Hold state initiation; it may be illustrated as 
follows; 



During every machine cycle. Hold is sampled during T2; if Hold is high at this time, Hold acknowledge is output 
high during T3 and the Hold state begins during T4. Timing is illustrated in Figure 5-13. 

During a six clock period machine cycle, if Hold is lovv when sampled during T2, then Hold will be sampled again 
during T4. If Hold is sampled high during T4, then a Hold state will be initiated during T6. This may be illustrated as 
follows: 



Hold is sampled during every clock period of a Halt state: As soon as Hold is detected high, a two clock period Hold 
state initiation sequence begins. Figures 5-1 4 and 5-1 5 illustrate the onset of Hold states within and before Halt states. 

A Hold state terminates two clock periods after the Hold signal goes low. 

There are no restrictions placed by 8085A logic on the duration of a Hold state. The Hold state lasts for as long as the 
HOLD input is high. Here is an example of a one clock period Hold state occurring during T4 and a three clock period 
Hold state beginning during T6 of a six clock period machine cycle: 
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Figure 5-1 3 illustrates a Hold state lasting three clock periods, beginning during T4 of a four clock period machine cy- 
cle. 

THE HALT STATE AND iKlSTRUCTION 

When a Halt instruction is executed, the 8085A enters a Halt state. The Halt state consists of an indeterminate 
number of Halt Bus Idle clock periods, during which the SI and SO status signals are both output low while the 
tristate signals are floated. 

In the 8085, an earlier version of the 8085A, ALE is a tristate signal and is fioated during the 
Halt state. In the 8085A, however, ALE is kept low during Halt. 

Halt state timing is illustrated in Figure 5-14. 
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Figure 5-14. A Halt Instruction and a Halt State Terminated by an Interrupt Request 


A Halt state may be terminated by a system reset or by an interrupt request. Figure 5-14 shows an interrupt re- 
quest terminating the Halt state. 

Note that the INTR signal, like the HOLD signal, is sampled two clock periods before anything can happen. Thus, as il- 
lustrated in Figure 5-14, an additional Halt clock period will occur after the clock period within which INTR goes high. 
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Figure 5-15. Hold States Occurring Within a Halt State 


An interrupt request will only be executed if interrupts are enabled; however, the 8085A has a TRAP non-maskable in- 
terrupt. Thus you can always exit an 8085A Halt state via a TRAP interrupt request or by resetting the system. 

While in a Halt state you can enter and exit the Hold state. Figure 5-1 5 illustrates timing for 
the Hold state existing within the Halt state. Notice that the Hold state only lasts for as long as 
the HOLD input is kept high. 

Entering a Hold state within a Halt state also prevents you from terminating the 8085A Halt state 
with an interrupt request; this is because a HOLD request has priority over any interrupt request. Thus, if an interrupt 
request occurs while the 8085A is entering a Hold state, or is in a Hold state, the interrupt request will be ignored until 
the end of the Hold state. At that time, the interrupt request will be acknowledged — providing interrupts are enabled. 

Resetting the 8085A will terminate a Halt state at any time, whether or not you are in a Hold state. 
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Figure 5-16. An Interrupt Being Acknowledged Using a Single Byte Instruction 


EXTERNAL INTERRUPTS 

There are some differences between the interrupt acknowledge iogic of the 8085A as compared with the 
8080A; however, the 8080A interrupt acknowiedge logic is a subset of 8085A capabilities. 

Providing a valid interrupt request has been applied and interrupts are enabled, the 8085A acknowledges the inter- 
rupt request on terminating execution of the current instruction. The 8085A then executes an interrupt 
acknowledge machine cycle. 

An interrupt acknowledge machine cycle is very similar to a six clock period instruction fetch machine cycle; however, 
during the interrupt acknowledge machine cycle the 8085A. like the 8080A, anticipates receiving an instruction object 
code from an I/O device — presumably the device whose interrupt request is being ackno wled ged. Since an I/O device 
j^supposed to provide the object code during an interrupt acknowledge instruction fetch, INTA is pulsed low instead of 
RD. Timing is illustrated in Figure 5-16. 

Figure 5-16 shows two differences between the 8085A and the earlier 8085. the 8085A 
samples INTR during the next-to-last clock period of eachjnstruction's execution, but the 
8085 samples INTR one clock period later. The level of lO/M during Interrupt Acknowledge 
is also different: the 8085A holds lO/M low at this time. 


INTERRUPT 
DIFFERENCES 
IN 8085 AND 
8085A 


5-28 






















s 

< 

a 

< 


Note that even though memory is not being accessed. Program Counter contents are output _ 

on the Address Bus during an interrupt acknowledge instruction fetch; providing memory select logic uses lO/M 
and RD, no harm will be done by having a valid address on the Address Bus during an interrupt acknowledge in- 
struction fetch. 

The Program Counter contents are not incremented during the interrupt acknowledge process. 

The 8085A signal INTA serves as a read strobe during interrupt acjmowledge. The 8085A 
first acknowledges an interrupt with the state of SI, SO, and lO/M: in the 8085A these 
three status signals are all high during an interrupt acknowledge machine cycle. Recall that 
SI and SO both high signifies an instruction fetch, which is always a memory operation. 

Therefore, an "instruction fetch" which access I/O instead of memory is an interrupt acknowledge. 

In tjie 8085, an earlier version of the 8085A, interrupt acknowledge has the same SI, S O, and 
lO/M levels as an instruction fetch. This means the interrupt acknowledge si gnal INTA 
serves both as an interrupt acknowledge and a read strobe. External logic must use INTA both 
as a device select signal and a strobe signal identifying the time interval during which the inter- 
rupt acknowledge instruction code must be placed on the Data Bus. This can cause a timing problem. For any other in- 
struction fetch, the trailing edge of ALE can be used to initiate device select timing: thus during any other instruction 
fetch you have from the middle of T1 until the middle of T2 to resolve the device select and wait for the read strobe. But 
you cannot use ALE in this fashion fol lowin g an interrupt acknowledge, since external logic does not know that the in- 
terrupt has been acknowledged until INTA goes low. On the trailing edge of ALE during an interrupt acknowledge in- 
struction fetch machine cycle, the Program C ounte r. contents are being output on the Address Bus even though this 
address is irrelevant. You must therefore use INTA as a signal which disables all I/O device select logic with the 
exception of the device whose interrupt request is being acknowledged. 

If your system contains an 8085, rather than an 8085A, you may well have to insert Wait 
states during an interrupt acknowledge instructi on fe tch machine cycle; the 

acknowledged external logic has the duration of the low INTA pulse within which it must 
resolve its select logic and place an instruction object code on the Data Bus. 

Earlier in this chapterwe showed you how you can create a one clock period low READY pulse 
using two 7474 D-type flip-flops. The circuit shown would generate the low READY pulse during a memory read or in- 
struction fetch. The same circuit will also cause a Wait state during an 8085 interrupt acknowledge, which is identical 
to an instruction fetch as far as our small circuit is concerned. 

You can respond to an interrupt acknowledge by transmitting any instruction object code to the 8085A. Usually 
a Restart (RST) or a Call instruction object code will be transmitted. 

Figure 5-16 illustrates timing for a Restart instruction being transmitted following an interrupt acknowledge. The 
Restart instruction has been described in detail in Chapter 4 together with circuits which allow a Restart instruction to 
be created. 

The 8085A contains internal logic to cope with multibyte instruction object codes transmit- 
ted during the i nterr upt acknowledge process. During the second and third instruction fetch 
machine cycles, INTA is pulsed low while lO/M is output high. Thus responding to an interrupt 
acknowledge with a Call instruction simply involves creating a Call instruction's object code. 

The earlier 8085 also handles multibyte instruction object codes during interrupt 
acknowledge. The second and third ackn owledge machine ^cles are similar to memory read cy- 
cles, the only difference being that INTA pulses instead of RD. 


The 8085A has four interrupt request pins which the 8080A does not have. These are TRAP, RST 5.5, RST 6.5 
and RST 7.5. Interrupts requested via these pins cause the 8085A to generate its own internal interrupt 
acknowledge instruction. 

The internal interrupt acknowledge instruction results in subroutine calls to the following addresses: 

Interrupt CALL Address 
TRAP 24 i6 

RST 5.5 2Ci6 

RST 6.5 34-16 

RST7.5 3C-16 

TRAP is a non-maskable interrupt. 

RST 5.5 and RST6.5 are level sensitive;that means a high level input at these pins generates an interrupt request. 
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RST 7.5 is edge sensitive: an interrupt request occurs when the input to RST 7.5 makes a low-to-high transition. 

TRAP is both level and edge sensitive; the low-to-high transition and the subsequent high level generate an inter- 
rupt request. 

If an interrupt request is generated at RST 7.5 by a low-to-high transition, the 8085A will remember the interrupt re- 
quest, whether or not the RST 7.5 input remains high. You can thus generate an interrupt request via RST 7.5 using 
a high pulse. 

Since you can request an interrupt via an RST 7.5 low-to-high transition, the RST 7.5 interrupt request signal it- 
self cannot reset the Interrupt request. This may be illustrated as follows: 


RST 7.5 


Interrupt New interrupt request 

request only if previous 

request has been 
serviced 

You need not terminalte service of an RST 7.5 interrupt request by executing an SIM instruction with bit 4 of 
the Accumulator set to 1 ; the CPU does this automatically when it recognizes the interrupt. 

A low-to-high transition of the TRAP input creates an interrupt request. The interrupt request will only be 
acknowledged while the TRAP input remains high; however, once a TRAP interrupt request has been acknowledged, 

TRAP must go low and then high again before another interrupt request will be acknowledged. 
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8085A interrupt priorities are as follows: 

Highest HOLD 
TRAP 
RST 7.5 
RST6.5 
RST 5.5 
Lowest INTR 

The 8085A executes an instruction fetch Bus Idle machine cycle after acknowledging a TRAP, RST 5.5, RST 6.5 
or RST 7.5 interrupt request. Timing is given in Figure 5-17. 

The TRAP interrupt request cannot be disabled. In the 8085A, but not in the 8085, the TRAP 8085A TRAP 

interrupt preserves the state of the interrupt enable flag. This allows the user to restore the in- INTERRUPT 

terrupt enable status after a TRAP interrupt. ■— — — J 

The RST 5.5, RST6.5, and RST 7.5 interrupt requests can be individually enabled and disabled using the SIM in- 
struction. All interrupts except the TRAP can be enabled and disabled via the EL and Dl instructions. 

You may at any time examine interrupt enable/disable status by executying the RIM instruction. 

In the 8085A, but not the earlier 8085, the first RIM instruction executed after a TRAP in- 8085A RIM 

terrupt will show what the interrupt status was just before the TRAP, no matter how many AFTER TRAP 

lEs and DIs have been executed since the TRAP acknowledge. You must perform RIM after 
every TRAP to ensure that subsequent RIMs will provide accurate interrupt enable status. 

The RIM and SIM instructions are described in detail later in this chapter. 

You will service interrupts in an 8085A system exactly as described for the 8080A system. For a discussion of 
an interrupt acknowledge see Chapter 4. 


Remember that a Hold request has priority over an interrupt request. Thus, an interrupt will not be acknowledged 
while a Hold state exists and the 8085A will respond to a Hold request following an interrupt acknowledge. 



•8085 floats ALE during Reset; 8085A does not do this. 


Figure 5-18. Power On and RESET IN Timing for the 8085A 
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THE RESET OPERATION 

You reset an 8085A by inputting a low signal via RESET IN. 

When power is first turned on, the RESET IN pulse m ust last at least 500 nanoseconds (3 full clock cycles); no 
further req uirements are imposed on the RESET IN signal. Logic internal to the 8085A will synchronize the 
RESET IN pulse with the internal clock. Timing for a Reset following a powerup is given in Figure 5-18. 

Notice that a RESET OUT signal is provided. You can use this signal to reset other devices in the 8085A 
microcomputer system. 

When the 8085A is reset the following events occur: 

1) The Program Counter is cleared; thus the first instruction executed following a reset must have its object code 
stored in memory location 0. 

2) The Instruction register is cleared. 

3) Interrupts are disabled. 

4) The RST 7.5, RST 6.5 and RST 5.5 interrupts are masked out and thus disabled. 

5) All tristate bus lines are floated. In the earlier 8085, ALE is tristate and thus floats during Reset. In the 8085A, ALE 
is not tristate. 


Table 5-1. A Summary of 8085A Instruction Object Codes and Execution Cycles 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK PERIODS 

8085A 

MACHINE CYCLES 

8080A 

8085A 

ACI 

DATA 

CE YY 

2 

7 

7 

1 3 

ADC 

REG 

10001XXX 

1 

4 

4 

1 

ADC 

M 

8E 

1 

7 

7 

13 

ADD 

REG 

10000XXX 

1 

4 

4 

1 

ADD 

M 

86 

1 

7 

7 

1 3 

ADI 

DATA 

C6 YY 

2 

7 

7 

1 3 

ANA 

REG 

10100XXX 

1 

4 

4 

1 

ANA 

M 

A6 

1 

7 

7 

1 3 

ANI 

DATA 

E6 YY 

2 

7 

7 

1 3 

CALL 

LABEL 

CD ppqq 

3 

17 

18 


CC 

LABEL 

DC ppqq 

3 

11/17 

9/18 


CM 

LABEL 

FC ppqq 

3 

11/17 

9/18 


CMA 


2F 

1 

4 

4 

1 

CMC 


3F 

1 

4 

4 

1 

CMP 

REG 

1011 1XXX 

1 

4 

4 

1 

CMP 

M 

BE 

1 

7 

7 

1 3 

CNC 

LABEL 

D4 ppqq 

3 

11/17 

UMMb 


CNZ 

LABEL 

C4 ppqq 

3 




CP 

LABEL 

F4 ppqq 

3 




CPE 

LABEL 

EC ppqq 

3 


WiMfi 

2 3, 2 3 3 5 5 

CPI 

DATA 

FE YY 

2 

7 

7 

1 3 

CPO 

LABEL 

E4 ppqq 

3 



2 3, 2 3 3 5 5 

CZ 

LABEL 

CC ppqq 

3 

iltlitev: 


2 3, 2 3 3 5 5 

DAA 


27 

1 

4 

4 

1 

DAD 

RP 

00XX1001 

1 

10 

10 

1 7 7 

DCR 

REG 

00XXX101 

1 

5 

4 

1 

DCR 

M 

35 

1 

10 

10 

1 3 5 

DCX 

RP 

00XX1011 

1 

5 

6 

2 

Dl 


F3 

1 

4 

4 

1 

El 


FB 

1 

4 

4 

1 

HLT 


76 

1 

4 

4 

1 

IN 

PORT 

DB YY 

2 

10 

10 

1 34 

INR 

REG 

00XXX100 

1 

5 

4 

1 

INR 

M 

34 


10 

10 

1 3 5 

INX 

RP 

00XX0011 


5 

6 

2 

JC 

LABEL 

DA ppqq 

3 

10 

7/10 

1 3, 1 3 3 

JM 

LABEL 

FA ppqq 

3 

10 

7/10 

1 3, 1 3 3 

JMP 

LABEL 

C3 ppqq 

3 

10 

10 

133 

JNC 

LABEL 

D2 ppqq 

3 

10 

7/10 

1 3, 1 3 3 

JNZ 

LABEL 

C2 ppqq 

3 

10 

7/10 

1 3, 1 3 3 

JP 

LABEL 

F2 ppqq 

3 

10 

7/10 

1 3, 1 3 3 
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Table 5-1. A Summary of 8085A Instruction Object Codes and Execution Cycles 

(Continued) 


ppqq 

YY 

YYYY 

X 

ddd 

sss 


m 


OBJECT CODE 

BYTES 

CLOCK PERIODS 

8085A 


80e0A 

8085A 

MACHINE CYCLES 

JPE 

LABEL 

EA ppqq 

3 

10 

7/10. 

13.133 

JPO 

LABEL 

E2 ppqq 

3 

10 

7/10 

1 3, 1 3 3 

JZ 

LABEL 

CA ppqq 

3 

10 

7/10 

1 3, 1 3 3 

LDA 

ADOR 

3A ppqq 

3 

13 

13 

1333 

LDAX 

RP 

000X1010 

1 

7 

7 

1 3 

LHLD 

ADOR 

2A ppqq 

3 

16 

16 

1 3 333 

LXI 

RP.DATA16 

OOXXOOOl 

YYYY 

3 

10 

10 

133 

MOV 

REG.REG 

Oldddsss 

1 

5 

, 4 

1 

MOV 

M.REG 

OinOsss 

1 

7 

7 

1 5 

MOV 

REG.M 

OldddllO 

1 

7 

7 

1 3 

MVI 

REG.DATA 

OOdddllO 

YY 

2 

7 

7 

1 3 

MVI 

M.DATA 

36 YY 

2 

10 

10 

1 35 

NOP 


00 

1 

4 

4 

1 

ORA 

REG 

10110XXX 

1 

5 

4 

1 

ORA 

M 

B6 

1 

7 

7 

1 3 

ORI 

DATA 

F6 YY 

2 

7 

7 

1 3 

OUT 

PORT 

D3 YY 

2 

10 

10 

1 36 

PCHL 


E9 

1 

5 

6 

2 

POP 

RP 

11XX0001 

1 

10 

10 

1 33 

PUSH 

RP 

11XX0101 

1 

11 

12 

255 

RAL 


17 

1 

4 

4 

1 

RAR 


IF 


4 

4 

1 

RC 


D8 

1 

5/11 

6/12 

2,2 33 

RET 


C9 

1 

10 

10 

1 33 

RIM 


20 

1 


4 

1 

RLC 


07 

1 

4 

4 

1 

RM 


F8 

1 

5/11 

6/12 

2,233 

RNC 


DO 

1 

5/11 

6/12 

2.2 33 

RNZ 


CO 

1 

5/11 

6/12 

2,233 

RP 


FO 

1 

5/11 

6/12 

2,2 33 

RPE 


E8 

1 

5/11 

6/12 

2,2 3 3 

RPO 


EO 

1 

5/11 

6/12 

2,23 3 

RCC 


OF 

1 

4 

4 

1 

RST 

N 

11XXX111 

1 

11 

12 

2 33 

RZ 


C8 

1 

5/11 

6/12 

2.23 3 

SBB 

REG 

1001 1XXX 

1 

4 

4 

1 

SBB 

M 

9E 

1 

7 

7 

1 3 • 

SBI 

DATA 

DE YY 

2 

7 

7 

1 3 

SHLD 

ADDR 

22 ppqq 

3 

16 

16 

1 335 5 

SIM - 


30 



4 

1 

SPHL 


F9 


5 

6 

2 

STA 

ADDR 

32 ppqq 

3 

13 

13 

1335 

STAX 

RP 

000X0010 

1 

7 

7 

1 5 

STC 


37 


4 

'4 

1 

SUB 

REG 

10010XXX 

1 

4 

4 

1 

SUB 

M 

96 


7 

7 

1 3 

SUI 

DATA 

D6 YY 

2 

7 

7 

1 3 

XCHG 


EB 

1 

4 

4 

1 

XRA 

REG 

10101XXX 

1 

4 

4 

1 

XRA 

M 

AE 

1 

7 

7 

1 3 

XRI 

DATA 

EE YY 

2 

7 

7 

1 3 

XTHL 


E3 

1 

18 

16 

1 3365 


represents four hexadecimal digit memorv address 
represents two hexadecimal data digits 
represents four hexadecimal data digits 
represents an optional binary digit 

represents optional binary digits identifying a destination register 
represents optional binary digits identifying a source register 


Machine cycle types: 

1 - Four clock period instruction fetch (Figure 5-4) 

2 - Six clock period instruction fetch (Figure 5-5) 

3 - Memory read (Figure 5-6) 

4 - I/O read (Figure 5-7) 

5 - Memory write (Figure 5-8) 

6 - I/O write (Figure 5-9) 


7 - Bus idle (Figure 5-10) 
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THE 8085A INSTRUCTION SET 


There are just three differences between the 8085A and the 8080A instruction sets: 

1) The 8085A has two additional instructions — RIM and SIM. 

2) The number of clock periods required to execute instructions differs in some cases: Table 5-1 summarizes these 
differences. 

3) Following a Halt instruction's execution, the 8085A floats tristate bus lines in the ensuing Halt state; the 8080A 
does not. 

Because the 8085A and 8080A instruction sets are so similar, the same benchmark program applies to both 
microprocessors. Refer to Chapter 4 for a discussion of this benchmark program. 

Refer to Table 4-4 for a summary of the 8085A instruction set. The only two 8085A instructions not present in 
Table 4-4 are the RIM and SIM instructions. 

When the RIM instruction is executed, the following data is loaded into the Accumulator: 


7 6 5 4 3 2 1 0 



This data is loaded into the Accumulator 


RST 6.5 interrupt mask 
RST 7.5 interrupt mask 
Master interrupt enable 
RST 5.5 interrupt status 
RST 6.5 interrupt status 
RST 7.5 interrupt status 


0 = enabled 

1 = disabled 

1 = enabled 

0 = disabled 

1 = request pending 
0 = no request 


SID signal level 


Thus, the RIM instruction allows you to examine interrupt and external status. 

When the SIM instruction is executed the contents of the Accumulator are interpreted as follows: 


7 6 5 4 3 2 1 0 



This data must already be in the Accumulator 


RST 5.5 mask 
RST 6.5 mask 
RST 7.5 mask 


} 


0 = enable 

1 = disable 


0 = ignore bits 0, 1 and 2 

1 = mask as per bits 0, 1 and 2 


1 = reset RST 7.5 latch so a leading edge will cause another 
interrupt request 

0 = disable serial data out 

1 = enable serial data out 


This bit is transmitted to SOD pin if bit 6 is 1 


Thus the SIM instruction is used to selectively mask interrupts and to output a control signal via the SOD pin. 

Note that if bit 6 of the Accumulator is 0 when the SIM instruction is executed, then the contents of bit 7 will not be 
transferred to the SOD pin. 
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From our discussion of the 8085A reset, recall that following a reset RST 5.5, RST 6.5 and RST 7.5 are all disabled; also, 
reset sets the SOD output to 0. Thus, following a reset an RIM instruction would input the following data to the Ac- 
cumulator; 


RIM 


7654.321 0 


I I I I lolihht 



Bit No, 

Data loaded to the Accumulator 

' Mask 1 bits disable interrupts 
RST 7.5, RST 6.5 and RST 5.5 
Master interrupt is disabled 
These bits reflect the state of the 
RST 7.5, RST 6.5 and RST 5.5 inputs 
This bit reflects the SID signal level 


8085A MICROPROCESSOR SUPPORT DEVICES 


The 8085 has four special purpose multifunction support devices; they are described in this chapter. 

The 8085A can use any -5 version of the 8080A support devices described in Chapter 4 and Volume III. If you 
Use the low-order eight 8085A address iines, you must demultiplex the 8085A Address and Data Busses to use 
8080A support devices. 


THE 8155/8156 STATIC READ/WRITE MEMORY 
WITH I/O PORTS AND TIMER 

The 8155 and 8156 are custom circuits designed specifically for the 8085A microprocessor. Each device pro- 
vides 256 bytes of static read/writd memory, two or three parallel I/O ports, and a programmable timer. The 
8155 and 8156 devices differ only in thei active level of the chip enable signal. 

Figure 5-19 iilustrates that pdrt of generai microcomputer system iogic which has beSn implemented on the 
8155 /81 56 devices. 

Figure 5-20 provides a functional diagram of 8155/8156 logic. 

The 8155 or 8156 device is packaged as a 40-pm DIP. It uses a single +5V power supply. All inputs and outputs 
are TTL compatible. 

81 55/81 56 DEVICE PINS AND SIGNALS 

8155/8156 pins and signals are illustrated in Figure 5-21. Signals may be divided into the foiiowing categories: 

1) CPU interface and control 

2) Parallel I/O 

3) Programmable Timer 

We wili first consider CPU interface and control signals. 

ADO - AD7 connect to a bidirectional, multiplexed Data and Address Bus. As illustrated in Figure 5-22, these pins 
connect to the ADO - AD7 bus lines outiaut by the 8085A microprocessor. 

ALE is the Address Latch Enable control signal output by the 8085A microprocessor to identify addresses on the 
multiplexed Data and Address Bus. 

The 8155 or 8156 has both a memory space and an I/O address space. When lO/M is liigH, I/O port addresses are 
decoded off ADO - AD7 bn the high-to-low transition of ALE; this may be illustrated as follows: 



I/O Port Address 


5-35 




Figure 5-19. Logic of the 8155 and 8156 Multifunction Devices 


When lO/M is low, the address strobed off ADO - AD7 is interpreted as a memory address. 

CE is active high ih the 81 56 device; it is active low in the 81 55. There is no other difference between the 8155 
and 8156 devices. 


The 8155 or_8156 device uses standard 8085A control signals on its CPU interface. These signals are RD, WR, 
ALE and lO/M. Refer to the description of these control signals given in the 8085A section of this chapter. 
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Figure 5-20. Logic Functions of the 8155/8156 Device 



PIN NAME 

DESCRIPTION 

TYPE 

ADO - AD7 

Multiplexed Address and Data Bus 

Bidirectional 

PAO - PA7 

Eight I/O pins, designated as Port A 

Bidirectional 

PBO - PB7 

Eight I/O pins, designated as Port B 

Bidirectiorral 

PCO - PC5 

Six I/O pins, designated as Port C 

Bidirectional 

RD 

Read from device control 

Input 

WR 

Write to device control 

Input 

lO/M 

I/O ports or memory select 

Input 

ALE 

Address latch enable 

Input 

RESET 

System reset 

Input 

ce/cT 

Chip enable 

Input 

TIMER IN 

Timer clock 

Input 

TIMER OUT 

Timer output signal 

Output 

''ss '^CC 

Ground, Power 



Figure 5-21. 8155/81 56 Multifunction Device Signals and Pin Assignments 
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Figure 5-22. , An 8155 Device Connected to an 808feA CPU Bus 


Table 5-2. 8155/8156 Device Port C Pin Options 


Pin 

ALT 1 

ALT 2 

ALT 3 

, .i alt 4 

PCO 

input Port 

Output Port 

A INTR (Port A Interrupt) 

A INTR (Port A Interrupt) 

PCI 

Input Port 

Output Port 

A BF (Port A Buffer Full) 

A BF (Port A Buffer Full) 

PC2 

Input Port 

Output Port 

A STB (Port A Strobe) 

A STB (Port A Strobe) 

PC3 

Input Port 

Output Port 

Output Port 

B INTR (Port B Interrupt) 

PC4 

Input Port 

Output Port 

Output Port 

B BF (Port B Buffer Full) 

PCS 

Input Port 

Output Port 

(Output Port 

B STB (Port B Strobe) 


The 8155/8156 device is reset by a high input at the RESET pin. The Reset operation does not 
clear memory or I/O locations within. the 8155/8156 device. Thus all memory locations con- 
tain zero, I/O ports are assigned to input mode and the Counter/Timer is stopped with an initial 
zero value. 


8155 

DEVICE 

RESET 


8155/8156 PARALLEL INPUT/OUTPUT 

The interface presented by the 8155/8156 device to external logic consists of three I/O ports and two signals 
associated with Counter/Timer logic. 


We wijl examine the I/O port logic and then the Counter/Timer logic. 

I/O Ports A and B are 8-bit parallel ports; each may be defined as an input port or an output port. 

I/O Port C is a 6-bit parallel I/O port: it may be used to input or output parallel data, or Port C pins may support 
handshaking control signals for Ports A and B. Table 5-2 defines the four ways in which I/O Port C may be used. 

When I/O Ports A and B are used for simple parallel input or output, then their operation is 
identical to Mode 0 as described in Chapter 4 for the 8255 PPI. Handshaking mode is identi- 
cal to 8255 Mode 1. We will therefore discuss 8155 input and output with handshaking briefly. 

For a more detailed discussion refer to the 8255 PPI description given in Volume III. 


8155/8156 I/O 
MODE 0 

8155/8156 I/O 
MODE 1 
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Input with handshaking may be illustrated as follows: 



An event sequenc e begins with external logic inputting parallel data to I/O Port A or B: external 

logic must pulse STROBE low, at which time the parallel data is loaded into the I/O port buffer. This causes BF, 

the Buffer Full signal, to go high. 

External logic uses the BF signal as an indicator that no more data can be written. 

As soon as the externally provided low STROBE pulse is over, the interrupt request signal INTR goes high. This allows 
the 8085A to be interrupted once data has been loaded into the input buffer of the I/O port. 

BF and INTR remain high until the CPU reads the contents of the I/O port. The read operation will be identified by a low 
RD pulse input to the 8155/8156 device. INTR is reset at the beginning of the RD*pulse, while BF is reset at the end of 
the RD pulse. BF therefore is high while data is waiting to be read and while data is being loaded into the I/O port buffer 
or read out of the I/O port buffer. INTR is high only while data is waiting to be read. 

BF and INTR have associated bits in the Status register of the 8155/8156 device. 

You connect INTR to an 8085A interrupt request if you want an interrupt-driven system. You write a program 
which polls the Status register of the 8155/8156 if you want to operate the system under program control. 

Strobed output timing may be illustrated as follows: 



In output mode the I/O port buffer is initially empty, which means that the CPU must transmit data to the I/O port. 
Therefore INTR is initially high. 

As soon as t he C PU writes data to the I/O port, the inte rrupt request signal INTR is reset low; this occurs on the leading 
edge of the WR pulse. On the trailing edge of the WR pulse BF is output high, telling external logic that data is in 
the I/O port buffer and may be read. 

External logic strobes the da ta out b y providing a low pulse at STROBE. The leading edge of STROBE resets BF 
low, while the trailing edge of STROBE sets INTR high, causing the CPU to again output parallel data. 

You connect INTR to an appropriate 8085A interrupt request pin if you want an interrupt-driven system. You 
write a program to poll the Status register if you want to operate the 8155/8156 under program control. 

A simple method of using the 8155/8.156 device parallel input/output with handshaking in interrupt mode would be to 
connect INTRA and INTRB to RST 5.5 and RST 6.5. 

8155/8156 DEVICE ADDRESSING 

Having discussed 8155/8156 device memory and I/O ports, we must now look at device addressing. 

The 8155/81^6 has 256 bytes of static read/write memory which are addressed by ADO - AD7 while Chip Enable is 
true, and lO/M =0. 
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The 8155/8156 has ei£ht addressable I/O ports. ADO, ADI and AD2 select I/O ports while Chip 
Enable is true and lO/M = 1. These are the eight addressable I/O ports: 


AD2 ADI 
0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 


ADO PORT 

0 Status/Command registers 

1 Port A 

0 Port B 

1 Port C 

0 Counter/Timer register, low-order byte 

1 Counter/Timer register, high-order byte 

0 Unused 

1 Unused 


8155/8156 
I/O PORT 
ADDRESSES 


Chip Enable is derived from A8 - A1 5, which holds the high-order byte of a memory address, or the I/O device number. 

Chip Enable thus defines the exact address and I/O space for the 8155/8156 device. Here is one possible con- 
figuration: 


A15 

A14 

A13 

A12 

A11 

A10 

A9 

A8 


These lines 
contribute 
to CE 

These lines 
are ignored 


I ^ T' 

1^1”! 1 memory addresses 

ADO - AD7, X can be 0 or 1 

These bits are ignored. They may have 
any value. 




8155/81 56 memory bytes will be selected by any memory addresses in the range 6n00-| q through bnEF-) 5. "n" repre- 
sents any digit in the range 0 through 7. Let us assume that programs access 8155/8156 memory bytes via addresses 
in the range 6OOO10 through 6OFF10; we must further assume that addresses created by values of n in the range 1 
through 7 never occur. 

Now the same chip select that you use to define your memory address space is also going to define your I/O ad- 
dress space. Recall that the 8-bit I/O device number is output twice following execution of an I/O instruction — once 
on the high-order eight address lines A8 - A1 5 and again on the low-order Address/Data Bus lines ADO - AD7. Thus the 
device select code which you generate from the eight high-order address lines for a memory address is the same device 
select code which you generate for the 8155/8156 I/O space. 
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But whereas the 8155/8156 has 256 addressable memory locations, it has eight addressable I/O ports: I/O ports are 
selected as follows; 


Bit No.. 

I/O Port Number 

ADO 
ADI 
AD2 
CE 

If Chip Enable is true when A15 - A1 1 is 01 IOO 2 , then I/O port addresses will be 6 O -|0 through 6716- 

Address lines A15 - A1 1 represent I/O device number bits 7 through 3. This is because the I/O device number is output 
on A15-A8 following execution of an I/O instruction. It is therefore fortunate that we only used address lines 
A15 - A1 1 to create Chip Enable. Had we used A8, A9 or A10, the low-order three I/O device code bits would have 
served a double purpose — with strange results. 

Suppose A10 = 0 is a prerequisite for device select logic to be true; these are the memory and I/O port selects which 
will result: 



Memory I/O Port 

Address Address 



( 9 ) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 7654321 0-** Bit No. 


0 

0 

0|0 1 n 1 n 1 X 1 X |x |x 1 x |x |x 

3 

E 

1 l| 0 | 0 | 0 |x|x| 


Address bits 
Don't care 
Device Select 



You can now address only four of the eight 8155/8156 I/O Ports. You cannot include address lines A8, A9 or 
A10 in the device select logic that you use for any 8155/8156 device; if you do, you will limit the I/O 
capabilities of the device. 

IO/M discriminates between exectuion of I/O instructions and memory reference instructions. 

THE 8155/8156 COUNTER/TIMER 

Counter/Timer logic consists of a 16-bit register, addressed as two 8-bit I/O ports, an input clock signal and an 
output timer signal. This may be illustrated as follows; 


I/O Port I/O Port 

too tot 


15 14 13 12 11 10 


I I M I I I I I I T I I TTn 



— • Bit No. 

TIMER OUT 
TIMER IN 


Initial Timer constant 
Timer mode 
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The low-order 14 bits of the CounterA'imer register must be initialized with a 14-bit binary value that will 
decrement on low-to-high transitions of TIMER IN. If TIMER IN is connected to the 8085A clock output signal CLK, 
then the tinner is computing real time. TIMER IN can alternatively be connected to any external logic in which case the 
timer is counting external events. 

The timer times out when it decrements to zero. 

The two high-order bits of the Counter/Timer register define one of four ways in which the TIMER OUT signal 
may be created. 

In Mode 0, TIMER OUT is high for the first half of the time interval and low for the second half of 
the time interval. This may be illustrated as follows: 


8155/8156 
TIMER 
MODE 0 



If N is odd, the extra pulse will occur while TIMER OUT is high. 

In Mode 1, as in Mode 0, TIMER OUT is high for the first half of the count and low for the second half However, the 
timer is automatically reloaded with the initial value following each time out, creating a square wave which may be il- 
lustrated as follows: 


TIMER OUT 


Timer initial 
count is N 



Reload N 


\ 




Reload N 


START 

Mode 2 outputs a single low clock pulse on the terminal count, then stops the timer. Timing may be illustrated as 
follows: 



Mode 3 is identical to Mode 2, except that when the timer times out the initial 


countervalue is automatically reloaded. 
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8155/8156 CONTROL AND STATUS REGISTERS 

The Control and Status registers of the 8155/8156 are used to control both timer and parallel I/O logic. Let us 
now examine these registers. 

The Controi and Status registers of the 8155/8156 device are accessed via a single I/O port address. This is the 
lowest of the 8155/8156 I/O port addresses. When you write to this address you access the Control register: 
when you read from this address you access the Status register. 

8155/8156 internal logic will interpret Control register bits as follows: 


7 6 5 4 3 2 1 0 Bit No. 



Status register bits are set and reset as foilows: 

7 6 5 4 3 2 1 0 - 

I I l_l I I'lTT 
irnTTT 


8155/8156 DEVICE PROGRAMMING 

Accessing 8155/8156 read/write memory is self-evident. If you execute a memory reference instruction that 
specifies an address within the 8155/8156 address space, you will access an 8155/8156 memory byte. 

Parallel I/O programming is also self-evident: you begin by outputting an appropriate code to the Control register jn 
order to define the modes in which various ports will operate, and to enable or disable Mode 1 interrupts. Your only 
caution at this time must be to ensure that the two high-order bits of the Control code are 0; this prevents initiation of 
any timer operations. , 

If you are using I/O ports without handshaking, the Status register is not affected by I/O operations. No control 
signals or status indicate that new data has been input to, or has been read from I/O ports. 

If you are operating the 8155/8156 in handshaking mode under program control, then you must poll the Status register 
in order to determine whether data is waiting to be read or must be written. Your program will consist of a series of in- 
put instructions which read status, followed by conditional branches that read or write data. 


’ Bit No. 

• Status register 


. Port A interrupt request 

■ Port A buffer full 

" Port A interrupt enabled i = True 

■ Port B interrupt request I 0 = False 

■ Port B buffer full 
• Port B interrupt enabled 
•Timer interrupt. Set to 1 on time out, reset to 0 when 

Status register is read or a new count is started 


5-43 




If you are operating the 8155/8156 parallel I/O in handshaking mode under interrupt control, then whenever data is 
waiting to be read or must be written, the high INTR control signal will vector program execution to an appropriate in- 
terrupt service routine. 

You can at any time read the contents of an I/O port that has been declared an output port. You will simply read 
back whatever data was most recently written out to that I/O port Reading the contents of an output port will have no 
effect on handshaking control signals associated with that port 

Let us now examine programming associated with 8155/8156 Counter/Timer logic. 

You must first initialize the 1 6-bit Counter/Timer register by outputting two bytes that specify timer mode and initial 
count. The order in which you output these two bytes is unimportant. 

Next you output an appropriate Control code in order to start the timer. When you output a Control code, remember not 
to modify any control bits that define parallel I/O operations. 

Here is an appropriate initialization instruction sequence: 


MVI 

A.80H 

LOAD 6080H AS AN INITIAL COUNTER 

OUT 

0C4H 

VALUE. SELECT COUNTER MODE 1 

MVI 

A,60H 


OUT 

0C5H 


MVI 

A.OFAH 

START TIMER 

OUT 

OCOH 



This instruction sequence assumes that the 8155/8156 I/O port addresses are COis through C5i0. The code FA10 
output to the Control register starts the timer, and defines Port A as an input port. Port B as an output port, both in 
handshaking mode with interrupts enabled. 

You can at any time stop the counter, either immediately or following the next time-out. The following instructions will 
stop the counter immediately: 

MVI A,7AH STOP THE TIMER IMMEDIATELY 

OUT COH 

The following instructions will stop the counter after the next time-out: 

MVI A,BAH STOP THE TIMER AFTER THE 

OUT COH NEXT TIME OUT 

The Counter/Timer instruction sequences illustrated above contain a nonobvious propensity for programming 
errors. We start the timer by outputting the code FAi 0 to the Control register; we stop immediately by outputting the 
code 7A-| 0 and we stop the timer after the next time-out by outputting the code BA-| 0. In reality, this is the code we are 
outputting: 

7 6 5 4 3 2 1 0 -^ Bit No. 


Port A input 
Port B output 
Port C ALT 4 

Enable Ports A and B interrupts 
Timer code: 

1 1 = Start immediately 
10 == Stop after next time out 
01 = Stop immediately 


I I iilnnoiilol 


Whenever you output Control codes to modify 8155/8156 timer operation, you must always remember to output bits 0 
through 5 correctly, in order to maintain previously defined parallel I/O options. A commonly used programming 
technique that frees you from having to remember the condition of irrelevant bits in a control word is to use 
AND and OR masks. Consider this general purpose instruction sequence: 


IN 

COH 

INPUT PRESENT CONTROL CODE 

ANI 

3FH 

CLEAR TIMER BITS 

(ORI 

COH 

SET TIMER BITS) 

OUT 

COH 

RESTORE CONTROL CODE 
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This technique will not work with the 8155/8156 device, since you cannot read the contents of the Control 
register. If you read from the address of the Control register, you will access the Status register. If you want to 
use a masking technique, you must maintain the Control code in memory. Here is an instruction sequence that will 
work: 


LDA 

CONTRL 

LOAD CONTROL CODE FROM MEMORY 

ANI 

3FH 

CLEAR TIMER BITS 

(ORI 

COH 

SET TIMER BITS) 

OUT 

COH 

OUTPUT CONTROL CODE TO 8155/8156 

STA 

CONTRL 

SAVE CONTROL CODE IN MEMORY. 


Your instruction sequence will include the ANI mask to clear timer bits, or the ORI mask to set timer bits, but obviously 
not both. . , 

CONTRL is the label for some read/write memory byte which always holds the current 8155/8156 Control code. 

THE 8355 READ ONLY MEMORY WITH I/O 

The 8355 provides 2048 bytes of read-only memory and two 8-bit I/O ports. The device has been designed to 
interface with the 8085A CPU. 

Figure 5-23 illustrates that part of our general microcomputer system logic which has been implemented on the 
8355 device. 

The 8355 is packaged as a 40-pin DIP. It uses a single -I-5V power supply. All inputs and outputs are TTL-com- 
patible. The device is implemented using N-channel MOS technology. 

Figure 5-24 functionally illustrates logic of the 8355 device. A simple 8085A-81 55/81 56-8355 configuration is 
illustrated in Figure 5-26. 

There are many similarities between the 8155/8156, which we have already described, and the 8355. Where 
appropriate we will refer back to the 8155/8156 discussion for clarification of concepts. 

8355 DEVICE PINS AND SIGNALS 

8355 pins and signals are illustrated in Figure 5-25. 

The 8355-8085A interface differs somewhat from the 81 55/81 56-8085A interface in that the 8355 has more 
memory, fewer addressable I/O ports, plus the ability to address I/O ports within the memory space of the 
device. 

Having 2048 bytes of addressable read-only memory, the 8355 requires eleven address pins. These are derived 
from AD0-AD7 and A8-A10. 

Having only four addressable I/O ports, the 8355 I/O address logic decodes ADO and ADI only. I/O ports are selected 
as follows: 

ADI ADO 

0 0 I/O PORT A 

0 1 I/O PORT B 

1 0 DATA DIRECTION REGISTER A 

1 1 DATA DIRECTION REGISTER B 
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Figure 5-23. Logic of the 8355 and 8755 Multifunction Devices 
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CLK 


READY 


ADO - AD7 


A8- A10 


CE 

lO/M 

RD 

low 

RESET 

lOR 


< 




2Kx8 

ROM 


. PORT A - 


PORT B 


PAO - PA7 


PB0-PB7 


Vcc( + 5V) 
Vgs (OV) 


Figure 5-24. Logic Functions of the 8355 Device 


8355 device select logic must generate the chip enable signals CE and CE from thie five address lines A1 1-A15. 
The discussion of select logic given for the 8155/8156 device applies also to the 8355. 

If you select 8355 memory and I/O ports in their respective address spaces, the control signals ALE. RD, and 
lO/M are used exactly as described for the 8155/8156 device. 

But you can also access 8355 I/O ports within the 8355 memory space using control signals lOW and lOR. 

low and lOR are control signals which override lO/M and RD when accessing I/O ports. 

Providing CE and CE are true, a low input on lOV^will cause data on the Data Bus to be written into the I/O port 
selected by ADO and ADI, irrespective of the lO/M level. Similarly, lOR low will cause the contents of the I/O port 
selected by ADO and ADI to be output on the Data Bus. 

You can connect lOW directly to the WR control signal, and thus write into the four I/O ports of the 8355 device as 
though they were the four low-or der memory bytes. But connecting lOR to RD is not so straightforward. The 8355 
device may receive a low input on lOR, together with low inputs on RD and lO/M; it will then attempt to read the con- 
tents of a read only memory byte and an I/O port at the same time. While elaborate schemes could be devise d for 
generating separate selects that map the four I/O ports in to a memory space of its own, it is wisest to ignore the lOR 
signal if you are using 8355 memo ry a nd I/ O log ic. Use lOR only when the 8355 is configured as two I/O ports — 
and the 8355 memory is unused. (OR and lOW are used in 8048 microcomputer systems: that is the principal 
reason they were designed into the 8355 device. 
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READY 
10 ^ 
lOR 
RD 
lOW 
ALE 
ADO 
ADI 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 
(GND) Vss 


1 


40 

2 


39 

S 


38 

4 


37 

S 


36 

S 


35 

7 


34 

8 


33 

9 


32 

10 

8355 

31 

11 


30 

12 


29 

IS 


28 

14 


27 

15 


^6 

IS 


25 

17 


24 

18 


23 

19 


22 

20 


21 


Vcc( + 5V) 
PB7 
PBS 
PBS 
PB4 
PBS 
PB2 
PB1 
PBO 
PA7 
PAS 
PAS 
PA4 
PAS 
PA2 
PA1 
PAO 
A10 
A9 
■ AS 


PIN NAME 

DESCRIPTION 

TYPE 

ADO - AD7 

Multiplexed Address and Data Bus 

Bidirectional 

A8-A10 

Memory Address Lines 

Input 

PAO - PA7 

Eight I/O pins, designated as Port A 

Bidirectional 

PBO - PB7 

Eight I/O pins, designated as Port D 

Bidirectional 

RD 

Read from device control 

Input 

lOR 

Read from I/O port control 

Input 

iow 

Write to I/O port control 

Input 

lO/M 

I/O ports or memory select 

Input 

ALE 

Address latch enable 

Input 

RESET 

System reset 

Input 

CE.CE 

Chip enables 

Input 

READY 

Wait state request 

Output, tristate 

CLK 

Timing for Wait state request 

Input 

^ss- Vcc 

Ground. Power 



Figure 5-25. 8355 Multifunction Device Signals and Pin Assignments 



Figure 5-26. An 8085A-81 55/81 56-8355 Microcomputer System 
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8355 READY LOGIC 


The 8355 device has on-chip logic to create a READY signal that will insert one Wait state into the 8085A 
machine cycle that references the 8355 device. 8355 READY signal timing may be illustrated as follows: 



The READY output is floated by the 8355 device while CE*CE is false. 

READY is forced low by the combination of Chip Enable true while ALE is high: READY stays low until the first low-to- 
® high transition of CLK following the end of the ALE pulse. If you refer back to Figure 5-1 1, you will see that this READY 
logic creates a single Wait state. 

The problem with the READY logic illustrated above is that in order to have Chip Enable true while ALE is high, chip 
enable logic must be tied directly to Address Bus lines. Refer to the timing diagram below and you will see that AO- 
A15 is stable while ALE is high. 

But as we discussed earlier in this chapter, you can derive chip enable logic directly from A8-A15 only in small 8085 
microcomputer systems. When a large number of support devices are connected to the System Bus, you must 
guarantee against spurious device selects by including control signals in the chip enable logic. Logic illustrated earlier 
in this chapter shows h ow to create a chip select signal that is true between the trailing edge of ALE and the low-to- 
high transition of RD or WR. The following chip enable timing results: 
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Timing illustrated above is theoretically the best guarantee against spurious selects; but it will not work if you want to 
create a single Wait state when using an 8355 device. If Chip Enable (CE) goes true on the trailing edge of ALE, READY 
will never be reset low; 



You can resolve this problem by simply inverting ALE as a clock input to the select logic flip-flop. 

But when do you need to induce a Wait state? 

8355 device timing is fast enough to respond to memory and I/O accesses without the inclusion of a Wait state, unless 
you have buffers on the System Bus and the buffers introduce unacceptably long response delays. Therefore, ignore 
the READY signal logic of the 8355 in small 8085A systems and derive chip enable logic directly from the high-order 
address lines A1 1-A15. In larger systems where buffers on the System Bus force the 8355 device to require a Wait 
state, use READY logic of the 8355 device. 

8355 I/O LOGIC 

Let us now look at the I/O logic of the 8355 device. This device has two I/O ports whose pins can be individually 
assigned to input or output. This assignment is made by loading appropriate Control codes into a Data Direction 
register associated with each I/O port. A 1 in any bit position of the Data Direction register defines the associated I/O 
port bin as an output pin. A 0 in any bit position defines the associated I/O port pin as an input pin. Thjs may be illustr- 
ated as follows: 


Data Direction 


Data Direction 


Register A 

I/O Port A 

Register B 

I/O Port B 

(Port 2) 

(Port 0) 

(Port 3) 

(Port 1) 



Observe that the 8355 has no I/O with handshaking. For I/O with handshaking you should use the 8155/8156 or the 
8255 devices. 


5-50 







ADAM OSBORNE & ASSOCIATES, INCORPORATED 


THE 8755A ERASABLE PROGRAMMABLE READ 
ONLY MEMORY WITH I/O 


The 8755A device provides 2048 bytes of erasable programmable read-only memory and two 8-bit I/O ports. - 
The only difference between this device and the 8355, which we have just described, is the fact that the 
8755A read-only memory is programmable and erasable. There are minor pin and signal variations supporting 
the EPROM. These differences are identified in Figure 5-27. 

The 8755A is a new version of an earlier device, the 8755. The only difference between the 8755 AND 

two is the level of Vqq during normal read operations: -I-5V on the current 8755A, but OV 8755A 

on the earlier 8755. i— — J 

This discussion of the 8755A device is limited to describing how you program the read-only memory. In all other ways, 
the 8755A device is identical to the 8355. 

There are two Chip Enable signals on the 8755A device; CE is the standard chip enable, which must be true when the 
8755 device is being accessed for any purpose, either in normal operation or when programming the read-only memo- 
ry. CE is a high true signal. 

The second Chip Enable signal, CE/PROG, is first held low, then is pulsed true only when you are programming the 
read-only memory. You must apply a -f 25V pulse lasting between 50 and 1 00 milliseconds, beginning with the leading 
edge of ALE. At this time, data will be written into the addressed read-only memory location. Timing may be illustrated 
as follows: 




You erase the programmable read-only memory by exposing it to ultraviolet light for a minimum of twenty minutes. 
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PIN NAME 

DESCRIPTION 

TYPE 

ADO - AD8 

Multiplexed Address and Data Bus 

Bidirectional 

A8- A10 

Memory address lines 

Input 

PAO - PA7 

Eight I/O pins, designated as Port A 

Bidirectional 

PBO - PB7 

Eight I/O pins, designated as Port B 

Bidirectional 

RO 

Read from device control 

Input 

lOR 

Read from I/O port control 

Input 

low 

Write to I/O port control 

Input 

lO/M 

I/O ports or memory select 

Input 

ALE 

Address latch enable 

Input 

RESET 

System reset 

Input 

CE 

Chip enable 

Input 

PROG AND CE 

PROM programming chip enable 

Input 

READY 

Wait state request 

Output, tristate 

CLK 

Timing for Wait state request 

Input 

Vdd 

Programming voltage; 

+ 25V to program 
+ 5V in normal read operation* 


''ss- ''cc 

Ground. Power 



*VpD is OV in earlier 8755 read mode 


Figure 5-27. 8755A Multifunction Device Signals and Pin Assignments 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices; 

. 8085A CPU 
. 8155/8156 RAM/10 
• 8355 ROM/IO 
. 8755A EPROM/IO 
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8085A 

ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature — 65°Cto+150 C 

Voltage on Any Pin 

With Respect to Ground 0.5 to + 7V 

Power Dissipation 1.5 Watt 


D.C. CHARACTERISTICS 


*COMMENT: Stresses above those tht^ urKler^'Absolute 
Maximum Ratings" may cause permanent dam^ tp the 
device. This is a stress rating only and functional Ofipra- 
tion of the device at these or any other conditions abbva^ 
those indicated in the operational sections of thisspecifh, 
cation is not implied. Exposure to absolute maximum,^ 
rating conditions for extended periods may affect device 
reliability. 


(Ty^ = 0°C to 70°C; V^q = 5V ±5%; V 53 = OV; unless otherwise specified) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

VlL 

Input Low Voltage 

-0.5 

+ 0.8 

V 


V|H 

Input High Voltage 

2.0 

Vcc+0.5 

V 


VoL 

Output Low Voltage 


0.45 

V 

Iql ~ 2nriA 

VoH 

Output High Voltage 

2.4 


V 

Iqh ~ -400aiA 

•cc 

Power Supply Current 


170 

mA 


l|L 

Input Leakage 


±10 

/iA 

Vin=Vcc 

Ilo 

Output Leakage 


±10 

ma 

0.45V < Vout < Vcc 

V|LR 

Input Low Level, RESET 

-0.5 

+ 0.8 

V 


V|HR 

Input High Level, RESET 

2.4 

Vcc+0.5 

V 


VrY 

Hysteresis, RESET 

0.25 


• V 


TIMING Ch 

lARACTERISTICS 


Bus Timing Specification as a Tcyc Dependent 


^AL 

- 

(1/2) T- 50 

MIN 

^LA 

- 

(1/2) T- 60 

MIN 

kL 

- 

(1/2) T- 20 

MIN 

^LCK 

- 

(1/2)T-60 

MIN 

^LC 

- 

(1/2) T- 30 

MIN 

^AD 

- 

(5/2 + N) T - 225 

MAX 

^RD 

- 

(3/2 + N)T-180 

MAX 

^RAE 

- 

(1/2) T- 10 

MIN 

^CA 

- 

(1/2) T- 40 

MIN 

^DW 

- 

(3/2 + N) T - 60 

MIN 


- 

(1/2) T- 60 

MIN 

^CC 

- 

(3/2 + N) T - 80 

MIN 

^CL 

- 

(1/2) T- 110 

MIN 

^ARY 

- 

(3/2) T - 260 

MAX 

^HACK 

- 

(1/2)T-50 

MIN 

^HABF 

- 

(1/2)T + 50 

MAX 

^HABE 

- 

{1/2)T + 50 

MAX 

^AC 

- 

(2/2) T - 50 

MIN 


- 

(1/2) T- 80 

MIN 

^2 

- 

(1/2) T- 40 

MIN 

^RV 

- 

(3/2) T- 80 

MIN 


NOTE: N is equal to the total WAIT states. 

T = tCYC- 


Data sheets on pages 5-D2 through 5-D18 reprinted by permission of Intei Corporation, Copyright 1978. 
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A.C. CHARACTERISTICS = o°c to yo^c; Vcc = 5V ±5%; Vgg = ov) 



Symbol 

Parameter 

Min. 

Max. 

Units 

Test,Coiiditiob9^ • 

^CYC 

CLK Cycle Period 

320 

2000 

ns 

See notes T; 2, 3, 4, 5' 

Tcyc " 320ns; 

Cl = 150 pF 


CLK Low Time 

80 


ns 

^2 

CLK High Time 

120 


ns 

Vtf 

CLK Rise and Fall Time 


30 

ns 

^AL 

Address Valid Before Trailing Edge of ALE 

110 

1 

ns 

*LA 

Address Hold Time After ALE 

100 


ns 

^LL 

ALE Width 

140 


ns 

^LCK 

ALE Low During CLK High 

100 


ns 

^LC 

Trailing Edge of ALE to Leading Edge of 

Control 

130 


ns 

^AFR 

Address Float After Leading Edge of 

READ (INTA) 


0 

ns 

*AD 

Valid Address to Valid Data In 


575 

ns 

^RD 

READ (or INTA) to Valid Data 


300 

ns 

^RDH 

Data Hold Time After READ (INTA) 

0 


ns 

^RAE 

Trailing Edge of READ to Re-Enabling 
of Address 

150 


ns 

^CA 

Address (A8-A15) Valid After Control 

120 


ns 

^DW 

Data Valid to Trailing Edge of WR ITE 

420 


ns 

^WD 

Data Valid After Trailing Edge of WRITE 

100 


ns 

^CC 

Width of Control Low (RD, WR, INTA) 

400 


ns 

^CL 

Trailing Edge of Control to Leading Edge 
of ALE 

50 


ns 

^ARY 

READY Valid From Address Valid 


220 

ns 

^RYS 

READY Setup Time to Leading Edge of CLK 

110 


ns 

^RYH 

READY Hold Time 1 

0 


ns 

^HACK 

HLDA Valid to Trailing Edge of CLK 

110 


ns 

^HABF 

Bus Float After HLDA 

i 

210 

ns 

^HABE 

HLDA to Bus Enable 


210 

ns 

tUDR 

ALE to Valid Data In 


460 

ns 

^RV 

Control Trailing Edge to Leading Edge of 

Next Control 

400 


ns 

^AC 

Address Valid to Leading Edge of Control 

270 


ns 

^HDS 

HOLD Setup Time to Trailing Edge of CLK 

170 


ns 

^HDH 

HOLD Hold Time 

0 


ns 

^INS 

INTR Setup Time to Falling Edge of CLK 
(Ml, Tl only). Also RSTand TRAP 

160 


ns 

^INH 

INTR Hold Time 

0 


ns 


NOTES; 1. A8-1 5 Address Specs apply to lO/M, SO and SI. 

2. For all output timing where C(_ ^ 1 50pf use the following correction factors: 

25pf < Cl< 150pf : -.10 ns/pf 
150pf < Cl< 300pf : +.30 ns/pf 

3. Output timings are measured with purely capacitive load. 

4. All timings are measured at output voltage V|_ = .8V, Vh > 2.0V, and 1 .5V with 20ns rise and fall time on inputs. 

5. To calculate timing specifications at other values of Tcyc table in Table 2. 

6. L.E. = Leading Edge T.E. =• Trailing Edge 
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8085A 

WAVEFORMS 




Figure 11. 6085A Bus Timing 
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8085A 



Figure 13. 8085A Hold Timing' 





Figure 14. 8085A Interrupt and Hold Timing 
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8155/8156 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.3Vto+7V 

Power Dissipation 1.5W 


“COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS .{Ta = o^c to 70°C; Vcc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

V|L 

Input Low Voltage 

-0.5 

0.8 

V 


V|H 

Input High Voltage 

2.0 

Vcc-K).5 

V 


VoL 

Output Low Voltage 


0.45 

V ' 

Iql = 2mA 

VoH 

Output High Voltage 

2.4 


V 

Iqh = -400/iA 

l|L 

Input Leakage 


±10 

ma 

V|N Vcc OV 

>LO 

Output Leakage Current 


+10 

ma 

0.45V <VouT <Vcc 

>CC 

Vcc Supply Current 


180 

mA 


Iil(CE) 

Chip Enable Leakage 

8155 

8156 

1 

+100 

-100 

AtA 

/iA 

V|N = Vcc to OV 
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8155/8156 


< 

Q 

< 


A.C. CHARACTERISTICS ITa = o^c to 70°C; Vcc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

tAL 

Address to Latch Set Up Time 

50 


ns 

1 50 pF Load 

tLA 

Address Hold Time after Latch 

80 


ns 

tLC 

Latch to READ/WRITE Control 

100 


ns 

tRD 

Valid Data Out Delay from READ Control 


170 

ns 

^AD 

Address Stable to Data Ouf Vajjd 


400 

ns 

tLL 

Latch Enable Width 

100 


ns 

tRDF 

Data Bus Float After READ 

0 

100 

ns 

tCL 

READ/WRITE Control to Latch Enable 

20 


ns 

tcc 

READ/WRITE Control Width 

250 


ns 

tow 

Data In to WRITE Set Up Time 

150 


ns 

two 

Data In Hold Time After WRITE 

0 


ns 

tRV 

Recovery Time Between Controls 

300 


ns 

twP 

WRITE to Port Output 


400 

ns 

tpR 

Port Input Setup Time 

70 


ns 

tRP 

Port Input Hold Time 

50 


ns 

tSBF 

Strobe to Buffer Full 


400 

ns 

tss 

Strobe Width 

200 


ns 

tRBE 

READ to Buffer Empty 


400 

ns 

^Sl 

Strobe to INTR On 


400 

ns 

tRDI 

READ to INTR Off 


400 

ns 

tpss 

Port Setup Time to Strobe Strobe 

50 


ns 

tPHS 

Port Hold Time After Strobe 

120 


ns 

tSBE 

Strobe to Buffer Empty 


400 

ns 

%BF 

WRITE to Buffer Full 


400 

ns 

^Wl 

WRITE to INTR Off 


400 

ns 

tTL 

TIMER-IN to TIMER-OUT Low 


400 

ns 

tTH 

TIMER-IN to TIMER-OUT High 


400 

ns 

tRDE 

Data Bus Enable from READ Control 

10 


ns 


Note: For Timer Input Specification, see Figure 10. 
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8155/8156 


Strobed Input Mode 



Strobed Output Mode 



Figure 8. Strobed I/O Timing 
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TIMER OUT 
(PULSE) 


TIMER O^T 
(SQUARE WAVE) 


LOAD COUNTER FROM CLR 

I 2 . I 1 . 


RELOAD COUNTER FROM CLR • 

.6 1 4 I 3 ) 2 1,1 



f|OTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC COUNTDOWN FROM5 TO 1 

RELOAp MODE (Ml MODE BIT- 1) — — “ 

• ' tcvc 320 n»c MIN. 

t, ANOtf 30 nsec MAX. 

ti 80 nsec MIN. 

t 2 120 nsec MIN. 

tTLANDtTH 400 nsec MAX. 
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8355 


© 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0®Cto+70°C 

Storage Temperature -65°Cto +150“C 

Voltage on Any Pin 

With Respect to Ground -0.3Vto+7V 

Power Dissipation 1.5W 


“COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

VlL 

Input Low Voltage 

-0.5 

0.8 

V 

Vcc = 5.0V 

VlH 

Input High Voltage 

2.0 

VCC-K3.5 

V 

Vcc “ 5.0V 

VoL 

Output Low Voltage 


0.45 

V 

Iql = 2mA 

Vqh 

Output High Voltage 

2.4 


V 

lOH = -400/LtA 

l|L 

Input Leakage 


10 

pA 

V|N = Vcc io ov 

■uo 

Output Leakage Current 


±10 

ma 

0.45V ^VouT ^Vcc 

■cc 

Vcc Supply Current 


180 

1 

mA 



A.C. CHARACTERISTICS (Ta = o“c to 70°C; Vcc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

ICYC 

Clock Cycle Time 

320 


ns 

Cload = 1 50 pF 

Ti 

CLK Pulse Width 

80 


ns 

T2 

CLK Pulse Width 

120 


ns 

tf.tr 

CLK Rise and Fall Time 

1 

30 

ns 

IaL 

Address to Latch Set Up Time 

50 


ns 

1 50 pF Load 

tLA 

Address Hold Time after Latch 

80 


ns 

^LC 

Latch to READ/WRITE Control 

100 


ns 

Ird 

Valid Data Out Delay from READ Control 


170 

ns 

Iad 

Address Stable to Data Out Valid 


400 

ns 

111 

Latch Enable Width 

100 


ns 

Irdf 

Data Bus Float after READ 

0 

100 

ns 

ICL 

READTWRITE Control to Latch Enable 

20 


ns 

tcc 

READ/WRITE Control Width 

250 


ns 

tow 

Data In to WR ITE Set Up Time 

150 


ns 

two 

Data In Hold Time After WRITE 

10 


ns 

twp 

WRITE to Port Output 


400 

ns 

tPR 

Port Input Set Up Time 

50 


ns 

Irp 

Port Input Hold Time 

50 


ns 

Iryh 

READY HOLD TIME 


160 

ns 

Iary 

ADDRESS (CE) to READY 


160 

ns 

tRV 

Recovery Time between Controls 

300 


ns 

tRDE 

Data Out Delay from READ Control 

10 


ns 


5-D11 


































































































































8355 

WAVEFORMS 



Figure 4. Clock Specification for 8355 



Figure 5. ROM Read and I/O Read and Write 
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8355 



Figure 7. I/O Port Timing 
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8755A 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias -10°C to +70°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5Vto+7V 

Power Dissipation 1.5W. 


I 


^COMMENT: Stresses above those Ifstedvndii^ "^^solute 
Maximum Ratings" may cause permanent,tiama{^\i^ the 
device. This is a stress rating only and functidnai^n^^- 
tion of the device at these or any other conditions 
those indicated in the operational sections of this specift- '^ 
cation is not implied. Exposure to absolute maximum.: 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS Oa = o^c to 70°C; Vcc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

V|L 

Input Low Voltage 

-0.5 

0.8 

V 


V|H 


2.0 

Vcc +0.5 

V 


VoL 

Output Low Voltage 


0.45 

V 

Iql = 2mA 

VoH 

Output High Voltage 

2.4 


V 

Iqh = -400/iA 

l|L 

Input Leakage 


10 

pA 

V|N “ Vcc OV 

•lo 

Output Leakage Current 


±10 

ma 

0.45V <VouT <Vcc 

•cc 

Vcc Supply Current 


180 

mA 



A.C. CHARACTERISTICS (Ta = o^c to 70°C; Vcc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

tcYC 

Clock Cycle Time 

320 


ns 

Cload = 150 pF 
(See Figure 3) 

T, 

CLK Pulse Width 

1 80 


ns 

T2 

CLK Pulse Width 

120 


ns 

tf.tr 

CLK Rise and Fall Time 


30 

ns 

IaL 

Address to Latch Set Up Time 

50 


ns 

1 50 pF Load 

tLA 

Address Hold Time after Latch 

I 

80 


ns 

tLC 

Latch to READ/WRITE Control 

100 


ns 

tRD 

Valid Data Out Delay from READ Control 


170 

ns 

Iad 

Address Stable to Data Out Valid 


450 

ns 

tLL 

Latch Enable Width 

100 


ns 

Irdf 

Data Bus Float after READ 

0 

100 

ns 

tCL 

READ/WRITE Control to Latch Enable 

20 


ns 

tcc 

READ/WRITE Control Width 

250 


ns 

tow 

Data In to WR ITE Set Up Time 

150 


ns 

two 

Data In Hold Time After WRITE 

30 


ns 

twp 

WR ITE to Port Output 


400 

ns i 

tPR 

Port Input Set Up Time 

50 


ns 

tRP 

Port Input Hold Time 

50 


ns 

tRYH 

READY HOLD TIME 

0 

160 

ns 

tARY 

ADDRESS (CE)to READY 


160 

ns 

tRV 

Recovery Time between Controls 

300 


ns 

tRDE 

Data Out Delay from READ Control 

10 


ns 
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8755A 

WAVEFORMS 




Figure 6. PROM Read, I/O Read and Write Timing 


Please note that CE1 must remain low for the entire cycle. 
This is due to the fact that the programming enable 
function common to this pin will disrupt Internal data bus 
levels If CE1 is taken high during the read. 
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8755A 


Input Mode 


A. INPUT MODE 



DATA* 

BUS 



Output Mode B. OUTPUT mode 


low \ J 

i 



GLITCH FREE 
^ OUTPUT 

•wp — 

r ^ 

PORT 

OUTPUT 

F- 


DATA* 

A A. 

*DATA BUS TIMING IS SHOWN IN FIGURE 6. 


Figure 7. I/O Port Timing 
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A.C.<SPECIFICATION FOR PROGRAMMING 

(Ta = O^c to TQ^C; Vcc = 5V ±5%; Vgs = OV) 
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Chapter 6 

THE 8048 MICROCOMPUTER DEVICES 


The 8048 series microcomputers are single-chip 8-bit devices which have been developed by Intel to compete 
in the market for low-cost, high-volume applications. This is a market where the 8080A, with its high chip 
counts, does not do well. One version of the 8048, the 8748, is also likely to do exceptionally well in low- 
volume, custom applications because it is very easy to use. 

The 8048 looks like a one-chip 8080A with heavy F8 influence. The F8 was the first 8-bit microprocessor to 
bring the economics of low chip counts to the attention of the semiconductor industry. It is therefore not 
surprising to find an F8 influence in the 8048. (The F8 has now been superceded by the 3870; both parts are de- 
scribed in Chapter 2.) 

It is intriguing to note that, |n terms of general architectural organization, there are striking similarities between 
the 8048 and the MCS6530 (which is described in Chapter 10). 

The 8041 and 8021 are slave microcomputers of the 8048 family. On simple inspection the principal difference 
betvveen the 8p48 apd 8041/8021 would appear to be that the 8041/8021 cannot generate external 
System Busses. In fact, there are non-obvious differences between the 8 O 48 and the 8041/8021; there are 
further significant differences between the 8041 and the 8021. 

The 8048 is a simple, single-chip microcomputer that may be a stand-alone device, or part of a multi-microprocessor 
configuration. As a stand-alone device, the 8048 may or may not have external additional logic. Thus, the 8048 is a 
straightforward, low-end, low-cost microprocessor with less versatility than a device such as the 8085. 

If you continue the philosophical progression from the 8085 to the 8048, you reach the 8021. This is a single-chip 
microcomputer with no expansion capabilities, and very low-cost. If the 8021 exists in a multi-microprocessor con- 
figuration, then so far as the 8021 is concerned there is logic beyond its perimeters. The fact that this logic contains 
one or more microprocessors is quite immaterial to the manner in which the 802T will be programnnpd. 

The 8041, |n sharp contrast, is a slave microprocessor that assumes the presence of a master microprocessor or) one 
side and external logic on the other side. The 8041 thus becomes an interface and control part — whjch is how the 
8041 should be considered. But you will observe that a large number of microprocessor support parts also act as inter- 
faces between a microprocessor, assumed to exist on one side, and some other logic, assumed to exist on the other 
side. This is a very accurate parallel to draw. The 8041 is. in fact, a universal interface device, limited pnly by the speed 
of the part and the amount of programmed logic that can be included in it. The 8041 can serve a wide variety of inter- 
face logic functions. Thus, whenever you consider using a complex interface controller part, you should also con- 
sider using the 8041 as an alternative. Because .the 8041 is programmable, you can tailor it to meet, exactly, the re- 
quirements of the specific microprocessor on one side and specific logic on the other side. This is spmething you can- 
not do with dedicated controller parts such as floppy disk and CRT controllers, which must look genetically, rather than 
specifically, upon the CPU on one side and the device being controlled on the other side. 

There is also an erasable programmable read-only memory version of the 8041; it is the 8741. 

8048 series microcomputers are summarized iti Table 6-1. 

The only support device described in this chapter is the 8243 I/O Expander. In addition, the 8155, the 8355, and 
the 8755 multifunction devices (which have been described in Chapter 5) can be used with 8048 family 
microcomputers. 
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The prime source for the 8048 series microcomputers is: 

INTEL CORPORATION 
3065 Bowers Avenue 
Santa Clara, California 95051 

Second sources for the 8048 include: 

ADVANCED MICRO DEVICES 
901 Thompson Place 
Sunnyvale, California 94086 

SIGNETICS 

811 East Argues Avenue 
Sunnyvale, California 94043 

Neither of the 8048 second sources are likely to have significant product volumes until mid-1 978. 

Intersil plans to introduce a CMOS version of the 8048 in early 1979. 

The 8048 series microcomputers use a single +5y power supply. There are two versions of each microcomputer: one 
uses a 2.5 microsecond clock while the other uses a 5 microsecond clock. 8048 instructions execute in either one or 
two clock periods. The 8021 uses a 10 microsecond clock. A new version of the 8049 uses a 1,4 /^sec clock. . 

All 8048, -8049 and 8041 devices are packaged as 40-pin DIPs and h^ve TTL-compatible signals. 8021 devices are 
packaged as 28-pin DIPs and have TTL-compatible signals. 


Table 6-1. A Summary of 8048 Series Microcomputers 



ON CHIP MEMORY 

CYCLE 

I/O PORTS 

EXTERNAL 

TIMER 

PACKAGE 

EXPANDABLE 

ANALOG TO 
DIGITAL 
CONVERTER 


BOM/EPROM 

RAM 

TIME 

INTERRUPTS 

PINS 

8048 

1024 ROM 

H 

2.5 fisec 

3x8 bits 

1 


40 


No 

8035 

fv 0 


2.5 fisec 

3x8 bits 

1 


40 


No 

8035-8' 

0 

64 

5.0 fisec 

3x8 bits 

1 

Yes 

40 

Yes 

No 

8748 

1024 EPROM 

64 

2.5 fisec 

3x8 bits 

1 

Yes 

40 

Yes 

No 

8748-8 

1024 EPROM 

64 

5.0 fisec 

3x8 bits 

1 

Yes 

40 

Yes 

No 

8049 

2048 ROM 

64 

1.4 fisec 

3x8 bits 

1 

Yes 

40 

Yes 

No 

, 8041 

1024 ROM 

64 

2.5 fisec 

3x8 bits 

0 

Yes 

40 

Nq 

, No 

8741 

1024 EPROM 

64 

2.5 fisec 

3x8 bits 

0 

Yes 

40 

No 

No 

8021 

1024 ROM 

64 

10 fisec 

2x8 bits 

1 x4 bits 

0 

Yes 

28 

No 

No 

8022 

2048 ROM 

64 

10 fisec 

3x8 bits 

1 

Yes 

40 

No 

Yes 


THE 8048, 8748, 8049, 8749 AND 8035 
MICROCOMPUfEI^8 


For a description of an 8048, 8748, 8049, 8749, or 8035 device, read the following text; where ambiguities 
may arise |n your mind, remember these overriding rules: 

1) The 8049 is an 8048 with twice as much on-chip program memory, and, in newer models, higher execution speed. 
There are no other differences betweer| these two parts. 

2) A,n 8035 is an 8048 with no on-chip program memory. There are no other differences between these two parts. 

For a description of an 8041, 8741 or 8021 device, read the following text, then read the specific device discus- 
sion that appears later 1n this chapter. 

Functions inriplemented pn the three versions of the 8048 micrpcpmputer are illustrated in Figure 6-1. With the 
exception of the 803^, ydp will see that complete microcomputer logic is provided within a single package. But 

rerhembef, just because a function is present in Figure 6-1, that does not mean to say it will be sufficient foryoUr ap- 
plication. For example, read/write memory is shown as present, yet there are only 64 bytes of read/write memory'on 
any 8048 series rnicrocom'puter chip. 
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Present in all 
rriicrocomputers 




Not present in 
the 8035 


Logic to Handle 
Interrupt Requests 
from 

External Devices 


Arithmetih and 
Logic Unit 


Accumulator 

Registerfs) 


Instruction Register 


Data Counterfs) 


Control Unit 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Bus Interface 
Logic 


Interrupt Priority 
Arbitration 


Program Count! 


ROM Addressing-- 
and 

Interface Logic 


I/O Communication 
Serial to Parallel 
Interface Logic 


i!i RAM Addressing 
and 

Interface Logic 

T 


Read/ Write 
Memory 


Programmable; 

Timers 


Read Only 
Memory > 


Figure 6-1. Logic of the 8048 Series Microcomputers 


The only differences between 8048 series and 8049 series microcomputers are in the on- 
chip read-only memory and execution speed; 8049 series microcomputers have twice as 
much on-chip read-only memory as 8048 series microcomputers, and execute instructions 
80% faster. 

AN 8048 At^D 8049 FUNCTIONAL OVERVIEW 

Logic of the 8048 and 8049 series microcomputers is illustrated functionally in Figure 6-2. 

The Arithmetic and Logic Unit, the Control Unit and the Instruction register are all inaccessible to you as a user: 
therefore we will ignore thjs portion of the microcomputer. 

1024 bytes of program memory are provided by the 8048 arid 8748 microcomputers; the 8035 has no program memo- 
ry. The 8049 has 2048 bytes of program memory. The 8048 and 8049 have Read Only Memory (ROM), while the 8748 
has Erasable Programmable Read Only Memory (EPROM); this is the only difference between the 8048/8049 and the 
8748. 

There is a 12-bit Program Counter which allows the 8048 series microcomputers to access 4096 bytes of program 
memory. Since the 8048 and 8748 microcomputers have only 1024 bytes of program memory on the computer chip, 
the additional 3072 bytes must be external if you are going to expand program memory to the maximum addressable 
space. All 8035 microcomputer program memory is external. Only 2048 bytes of external program memory can be ad- 
ded to an 8049. 


8049 SERIES . ‘ 

MICROCOMPUTERS 
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Figure 6-2. Functional Logic of. the 8048, 8049, 8748, 
8749 and 8035 Microcomputers 
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All 8048 series microcomputers (with the exception of the 8021) have three 8-bit I/O ports. 8048 SERIES 

For the 8048 series and 8049 series microcomputers, one of these ports, the Bus Port, is a I/O PORTS ' 

truly bidirectional I/O port with input and output strobes. Outputs can be statically latched, 
while inputs are nonlatching. This means that external logic must hold input data true at Bus Port pins until the data 
has been read. All eight pins of the Bus Port must be assigned either to input or output: you cannot mix input and out- 
put on the Bus Port. 

Bus Port is used as the primary I/O port in a single-chip microcomputer system. In multiple-chip microcomputer 
systems Bus Port serves as a multiplexed Address and Data Bus. 

I/O Ports 1 and 2 are secondary I/O ports with characteristics that differ significantly from Bus Port. If you output 
parallel data to I/O Port 1 or 2, it is latched and maintained at the I/O port until you next write data. But the only way 
external logic can input data to I/O Port 1 or 2 is by pulling individual pins from a high to a low level. Thus when a high 
level is being output at any pin of I/O Port 1 or 2, external logic can pull this level low — and subsequently if the CPU 
reads back data from the I/O port it will read a 0 bit value. This may be illustrated as follows: 

CPU I/O Port External Logic 



11010101 


External logic cannot create a high level at any pin of I/O Port 1 or 2 which is outputting a low level. 

Here is a summary of I/O Port 1 and 2 capabilities: 

1) You can at any time output parallel data to I/O Port 1 or 2. The data will be latched and held until the next output. 

2) Individual pins of I/O Ports 1 and 2 can serve as input or output pins. When you output data to I/O Port 1 or 2, you 
must output a 1 bit to any input pin. This may be illustrated as follows: 


Data Output ^ X 1 1 X X 1 X 1 (X = 0 or .1) 

Bit No. 

I/O Port 1 or 2 (O = Output, I = Input) 



3) External logic writes to input pins of I/O Ports 1 and 2 by leaving low levels alone, and by pulling high levels low. 

Figure 6-3 illustrates logic associated wil 

microcomputers. 

Output data is latched by a D-type flip-flop. 

The 0 and 0 outputs of the D-type flip-flop control a pair of gates on either side of the pin connec- 
tion. To provide fast switching times in O-to-1 transitions, a relatively low impedance (~5K ohms) is switched in for ap- 
proximately 500 nanoseconds whenever a 1 is output. 


reach pin of I/O Ports 1 and 2 in all 8048 series 


8048 SERIES 
I/O PORT 
PIN LOGIC 
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ORL, ANL 


INTERNAL 

BUS 


WRITE 

PULSE 




+ 5V + 5V 

Q Q 


D 

FLIP 

FLOP 


CLK 




= 50Kft 


5Kn 


♦- ^ 


= 3Kn 




I/O PIN 

PORT 1 AND 2 


INPUT BUFFER 


Figure 6-3. 8048 I/O Ports 1 and 2 Pin Logic 

Pins are continuously pulled up to +5V through a relatively high impedance (~50K ohms). When a 0 is output to the 
D-type flip-flop, a low inripedance (~3K ohms) overcomes the pull-up and provides TTL current sinking capability. 

When a pin of I/O Port 1 or 2 is at a high level, external logic can sink the 50Kfi pull-up. But when the pin is at a low 
level, external logic cannot overcome the low impedance to ground; thus it cannot pull the pin up to a high level. 

By placing an input buffer between the pin and the switching gates, pin logic allows the CPU to read current levels in- 
duced by external logic — ■ but only while external logic is connected to the pin. 

The buffer connecting the Q output of the D-type flip-flop to the D input is present to enable 8048 instructions that 
mask I/O port data. 

Later in this chapter we will look at I/O ports in more detail, showing programming and design examples. 
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8048, 8748 AND 8035 MICROCOMPUTER PROGRAMMABLE REGISTERS 

The 8048 series microcomputers have an 8-bit Accumulator, a 12-bit Program Counter and 64 bytes of 
scratchpad memory. Scratchpad memory may be visualized either as read/write memory or as general purpose 
registers. 

The Accumulator, Program Counter and scratchpad memory may be illustrated as follows: 


8 Bits 


Data Counters 


IRQ 

|R1 

R2 

R3 

R4 

R5 

R6 

R7 

50 

51 

52 

53 

54 

55 

56 


S7 

I pQ' 

Data Counters i 

1 RV 

R2' 

R3' 

R4' 

R5' 

R6' 

R7' 



General Purpose 
Registers 


Stack 


Alternate General 
Purpose Registers 


General Scratchpad 


8-bit Accumulator 
12-bit Program Counter 


6-7 



The Accumulator is the principal conduit for all data transfers. The Accumulator is always one source and the 
destination for Arithmetic or Boolean operations involving memory or registers. 

Two sets of eight scratchpad bytes serve as secondary registers. At any time one set of general purpose registers 
is selected while the other set of general purpose registers is not selected. 

The first two general purpose registers of each set, RO and R1, act as Data Counters to address scratchpad 
memory and external data memory. Thus you address scratchpad memory using implied memory addressing via 
general purpose Register RO or R1 ; you can address any one of the 64 scratchpad bytes, including the general purpose 
registers, or even the Data Counter register itself. 

In between the two sets of eight general purpose registers there is a 16-byte stack. The Stack Pointer is main- 
tained in the Program Status Word: therefore we will defer our discussion of stack operations until we look at status. 


8048 SERIES ADDRESSING MODES 

The 8048 series microcomputers separate memory into program memory and data memory. 

Without resorting to complex expansion schemes, you are limited to a maximum of 4096 
program memory bytes and 320 data memory bytes. 

The 8048 and 8748 microcomputers have 1024 bytes of program memory on the CPU chip. The 

8049 microcomputer has 2048 bytes of program memory on the CPU chip. More program memory, if present, must be 
external to the CPU chip. The 8035 microcomputer has noon-chip program memory: it requires all program memory to 
be external. 

All 8048 series microcomputers provide 64 bytes of read/write data memory on the CPU chip. In addition, 256 bytes of 
external data memory may be addressed. The external data memory space must be shared by external data memo- 
ry and any external I/O ports — that is to say, I/O ports other than the microcomputer’s own three I/O ports or 8243 
Expander ports. 

8048 series microcomputer address spaces and addressing modes are illustrated in Figure 6-4. 

Let us first examine program memory addressing. 

A single address space is used to access all of program memory. In the normal course of events 
program memory is addressed via the 12-bit Program Counter. The high order Program 
Counter bit is isolated in Figure 6-4 because when the Program Counter is incremented only 
bits 0 through 1 0 are affected. You must execute special instructions to modify the contents of 
the high order Program Counter bit. Program memory is therefore effectively divided into two 
memory banks, each containing up to 2048 bytes of program memory. You cannot branch, via Jump-on-Condition in- 
structions, from one program memory bank to the other, nor can instructions stored in one program memory bank 
directly access the other. You can switch completely from one program memory bank to the other by preceding a JMP, 
CALL or RET instruction with a SEL M8 instruction. 

Two types of program memory addressing are available: you can read data from program memory and you can 
execute Jump instructions. 


8048 SERIES 
PROGRAM 
MEMORY 
ADDRESSING 


8048 SERIES 

MEMORY 

SPACES 


You can unconditionally jump anywhere within the currently selected program memory bank: this may be illustrated as 
follows: 


These bits 

replaced PROGRAM 



Arbitrary 

Memory 

Address 

010A 

010B ) jivip instruction 
010C I object code 

010D 

06BA 

06BB 

06BC 

06BD 
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Figure 6-4. 8048 Series Microcomputers' Memory Addressing 
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Thus the JMP instruction stored in program memory bytes OIOB10 and OIOC10 causes program execution to jump to 
location O6BAi0. 

You can also jump using a form of paged, indirect addressing, where the Accumulator points to an indirect address 
stored in the current page of program memory. This may be illustrated as follows; 


Program 

Memory 



Arbitrary 

Memory 

Addresses 

013A 

013B 

013C 

013D 

013E 


01 5A 

015B JMPP @A 

015C 

015D 


01 CA 
01CB 
01CC 
01CD 


Jump here 


All conditional Jump instructions allow you to branch within the current page of program memory only. This may be il- 
lustrated as follows: 


Program 

Counter 


Program 

Memory 



Arbitrary 

Memory 

Address 


0A2A 

0A2B 

0A2C 

0A2D 


Jump here 


OAAB 

OAAC 

OAAD 

OAAE 


JC instruction 
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You can read data from program memory, but there are no instructions which allow you to write data to program 
memory. Instructions (other than immediate instructions) that read data from program memory use paged, im- 
plied addressing. There are two forms of paged, implied programming memory addressing; they may be illustrated as 
follows: 


Arbitrary Arbitrary 

Memory Program Program Memory 



The illustration above compares execution of the MOVP and M0VP3 instructions. These are the two instructions which 
allow you to read a byte of data from program memory into the Accumulator. Both instructions load 4A into the Ac- 
cumulator, as illustrated above. 

When the MOVP instruction is executed, the program memory address is formed by concatenating the high-order four 
bits of the Program Counter with the contents of the Accumulator; 


Program Counter 



Accumulator 


When the M0VP3 instruction is executed, the program memory address is computed by appending the Accumulator 
contents to 001 1 ; 


P Q I Accumulator 



I 




Program Memory Address 


Thus the MOVP instruction loads into the Accumulator the contents of a program memory byte within the current pro- 
gram page. The MOVP3 instruction loads into the Accumulator the contents of a byte from program memory page 3. 

Note carefully that paged addressing of program memory carries with it the usual page boundary problems. The 

program memory addressing modes which replace the low-order eight Program Counter bits keep the four high-order 
Program Counter bits — after the Program Counter has been incremented. 

Refer back to the JMPP @A instruction. This instruction is illustrated as being stored in program memory location 
O15Bi0. But suppose this instruction were stored in memory location OIFF10; then after the JMPP instruction is 
fetched, the Program Counter will no longer contain OIFF10, it will contain O2OOi0. Now instead of jumping to pro- 
gram memory location OICB10, you would jump to program memory location O2CBi0. 

This page boundary problem is common to all microcomputers that use absolute paged addressing. For a complete dis- 
cussion of this problem refer to Volume_jj^2.Basic_Concep^, Chapter 6. 
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Note that the 8048 has no instructions which write into program memory. If you want to write into program 
memory you must have external logic which overlaps external program and data memory. 

Let us now look at data memory addressing. First of all, notice that scratchpad memory and external data memory 
have overlapping address spaces. Separate and distinct instructions access scratchpad memory as against external 
data memory. External data memory does not represent a continuation of scratchpad memory. For example, there will 
be memory bytes with addresses in the range OOi0 through 3Fi6 in the scratchpad and in external data memory. 


Implied memory addressing is the only addressing mode available to you when accessing data memory. 

Instructions that access scratchpad memory take the scratchpad memory byte address from the low-order six bits of 
General Purpose Register RO or R1. 

Instructions that access external data memory take the external data memory address from all eight bits of General Pur- 
pose Register RO or R1. 

The eight general purpose registers within scratchpad memory can be addressed directly. We could argue that this 
constitutes a limited scratchpad memory direct addressing capability; but in order to remain consistent with other 
microcomputers described in this book, we will classify these direct accesses of general purpose registers as register- 
to-register operations rather than direct addressing of data memory. 

A PROGRAM MEMORY MAP 


The instruction set of the 8048 microcomputer is designed to allocate the on-chip program memory as follows: 



Data Tables 


Programs 


Timer interrupt calls subroutine 
origined here 


External interrupt calls subroutine 
origined here 


Restart calls subroutine 
origined here 


The MOVP3 instructions assume that the 256 bytes of program memory with addresses 300i6 ■ 3FFi0 have been set 
aside to hold tables of constant data. 

Interrupt logic (which is described later) uses low memory locations 0, 3 and 7 to origin interrupt service routines that 
will be executed in response to a restart, an external interrupt or a timer interrupt. Jump instructions will normally be 
located in these low program memory locations. 
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8048 SERIES STATUS 

8048 series microcomputers have an 8-bit Program Status Word which may be illustrated as follows: 



C and AC are the standard Carry and Auxiliary Carry statuses as defined in Volume I and used throughout this 
book. . . 

FO is a flag which you set or reset using appropriate Status instructions. A conditional Jump instruction tests the 
level of FO. FO is not connected to external logic and cannot be modified or tested by external logic. 

BS identifies which set of general purpose registers is currently selected. If BS is 0, then scratchpad bytes 0 
through 7 are serving as general purpbse registers. If BS is 1, then scratchpad bytes IB -] 5 through IF 10 are serving as 
general purpose registers. 

The low-order three Program Status Word bits serve as a Stack Pointer. The 16 Stack byies are treated as eight 
16-bit registers, with the current top of Stack identified by the three low-order Program Status Word- bits. 

A subroutine Call instruction pushes the Program Counter contents and the four high-order Program Status 
Word bits onto the Stack as follows: 


Scratchpad 

0 Bit No. Memory 


Program 

Counter 


PPPPQQ.QQR RRR 


0 ^Bit No. 


PSW Is S S S 1 XXX 


QQQQRRRR 


SSSSPPPP 


XXX 


■XXX+ 1 


Lowest 

Scratchpad 

Address 


0 ^ Bit No. Highest 
Scratchpad 
Address 


In the illustration above. P. Q. R. S and X represent any binary digits. 
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Observe that the begirihing of the Stack has the lowest scratchpad address. The order in which Program Status Word 
and Program Counter contents are pushed onto the Stack is illustrated above. Here is a specific case: 



You need to know the exact order in which data is stored on the Stack since the Stack is also accessible as general 
scratchpad memory. 

There are two RetlJria-from-Subroutine instructions; one restores Program Counter contents only, the other restores 
Program Counter and Program Status Word contents. 

Since the Stack has eight 16-bit registers, subroutines may be nested eight deep. If you are using interrupts, then the 
combined total of sutii-butine nestihg levels on either side of the interrupt must sum to 7 or less. For example, if the in- 
terrupt service' routine nests subroutines to a maximum level of 3, then non-interrupt programs cannot nest 
subroutines to a level greater than 4. The interrupt itself requires one Stack location. 

8048 SERIES MICROCOMPUTER OPERATING MODES 

8048 series rhicrocomputers can operate in a variety of modes. Mariy signals serve more than one functjoh, de- 
pending on the operating mode. 

In order to clarify this potentially confusing subject, vve will summarize 8048 series operating modes in the 
paragraphs below, then we will summarize device signals; these two summaries are followed by an in-depth 
analysis of operating modes, illustrating timing and signal functions. 

Internal execution mode is the simplest case; the 8048 series microcomputers normally 
operate in Internal Execution mode, at which time they execute programs without access- 
ing external program memory or data rnemory. All iriformation transfer with external logic oc- 
curs via I/O ports or control signals. The 8035, having no internal program memory, cannot oper- 
ate in Internal Execution mode. 

Expandable 8048 series microcomputers can access external program and data memory. Having 
external, program memory and/or data merriory causes the microcomputer to output additional 
control signals which identify external program and data memory accesses. This is External 
Memory Access mode. Memory addresses are output via the Bus Port and four pins of I/O Port 2; 
bidirectional data transfers occur via the Bus Port. This may be illustrated as follows: 


8048 SERIES 
INTERNAL 
EXECUTION 
MODE 

8048 SERIES 
EXTERNAL 
MEMORY 
ACCESS MODE 



^ Address Bus 
^ Control Bus 
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External Memory Access mode represents the simplest case for the 8035 microcomputer, which has no on-chip pro- 
gram memory. 

The 8048 series microcomputers can be operated in Debug mode. In Debug mode the CPU is 
disconnected from its internal program memory. All program memory accesses are deflected to 
external program memory. This may be illustrated as follows: 


8048 AND 
8748 DEBUG 
Mode 





Internal 


External 

Program 


Debug 

Memory 


Memory 


^ ^ 





0400 


OFFF 


External 

Program 

Memory 


Since the 8035 has no internal program memory, it is always in "Debug mode.” 

You will use Debug mode to test microcomputer systems built around an 8048 series microcomputer. Typically, special 
purpose test and verify programs will be maintained in external debug memory. 

Single stepping is not really a mode, but is worth mentioning in connection with Debug 
mode since it is a_powerful debugging tool. In any of the operating modes you can apply a 
Single Step signal (SS) which halts instruction execution following the next instruction fetch. This 
allows you to execute programs one instruction at a time in order to locate errors or gain a better 
understanding of event sequences. 

The 8748 microcomputer contains Erasable Programmable Read Only Memory (EPROM). In 

Programming mode you can program the EPROM. 

Finally, there is a Verify mode. In Verify mode you can read the contents of internal or ex- 
ternal program memory as data. Verify mode is used in conjunction with Programming mode 
to test data written into EPROMs. Verify mode can also be used on its own to examine the con- 
tents of program memory for any 8048 series microcomputer. 

8048 SERIES MICROCOMPUTER PINS AND SIGNALS 

Figure 6-5 illustrates pins and signals for the 8048 series microcomputers. We will briefly summarize functions 
performed by signals before discussing how signals are used in different modes. 

DBO - DB7 serves both as a bidirectional I/O port and as a multiplexed Address and Data Bus. When no external 
data or program memory accesses are occurring, DBO - DB7 serves as a simple bidirectional I/O port or latch. During 
external program or data memory accesses, DBO - DB7 serves as a bidirectional Data Bus as well as outputting the low- 
order eight bits of all memory addresses. Data inputs are not latched in bidirectional mode. External logic must hold in- 
put signal levels until the CPU has read input data. 


8048 SERIES 

SINGLE 

STEPPING 


8748 

PROGRAMMING 

MODE 


8048 SERIES 
VERIFY MODE 
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PIN NAME 

DESCRIPTION 

TYPE 

DBO - DB7 

Bidirectional I/O port, Data Bus and 
low-order eight Address Bus lines 

Bidifectional, tristate 

p10 - P17 

I/O Port 1 

Quasibidirectional 

P20 - P27 

I/O Port 2, P20 - P23 aiso serves as four > 
high-order Address Bus lines 

Quasibidirectional 

liJ 
1 

External clock signal and address 

Output 


latch enable 


RD 

Data merHory read control 

Output 

WR 

Data memory write control 

Output 

PSEN 

External program memory read control 

Output 

EA 

External program memory access 

Input 

SS 

Single step control 

Input 

INT 

Interrupt request 

Input 

TO 

Test input, optional clock output 
and. Program/Verify mode select 

Bidirectional 

T1 

Test input, optional event counter input 

Input 

RESET 

System reset and EPROM address latch 

Input 

^SS 

Ground 


Vgc 

+ 5V 


Vdd 

+ 25V to, program 8748. + 5V standby 
for 8048 RAM 


PROG 

+ 25V input to program 8748, Control 
output for 4-bit I/O 

Bidirectional 

XTAL1, XTAL2 

External crystal connections 



Figure 6-5. 8048, 8748 and 8035 Microcomputer Pins and Signals 
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PI 0 - PI 7 and P20 - P27 support I/O Ports 1 and 2, respectively. We described the characteristics of these two I/O 
ports earlier in this chapter. During external accesses of program memory the four high-order address lines are output 
via P20 - P23. 

ALE is a control signal which is pulsed high at the beginning of every instruction execution machine cycle. This 
signal may be used as a clock by external logic. During external memory accesses, the trailing edge of ALE strobes 
memory addresses being output. 

RD is a control signal which is pulsed low to strobe data from external data memory onto the Data Bus. 

WR is a control signal which is strobed low when external data memory is to read data off the Data Bus. 

PSEN is a control signal which is strobed low when external program memory is to place data on the Data Bus. 

External logic inputs EA high in order to separate the CPU from internal program memory and force the microcom- 
puter into Debug mode. 

SS is input low in order to stop instruction execution following an instruction fetch: this allows you to single step 
through a program. 

INT is the input for external interrupt requests. If the interrupt is enabled, a low input at INT causes a subroutine call 
to program memory location 3 when the current instruction finishes execution. 

TO is a test input which may be sampled by a conditional Jump instruction. TO is also used while selecting External 
Program mode and Verify mode. The internal CPU clock signal can be output via TO. 

T1 is a test input which can be sampled by a Jump-on-Condition instruction. T1 can also be used to input a signal 
to Counter/Timer logic when it is serving as an event counter. 

RESET is a standard system reset input signal. The normal RESET signal should be output from 
an open collector or active pull-up: 


Vcc 

IK 


RESET 

The power-on RESET should be generated as follows; 



8048, 8748 
AND 8035 
RESET 




AAAr 

IKfi 

10V 



RESET 


There is an internal pull-up resistor which, in combination with an external 1 fxF capacitor, generates an adequate inter- 
nal RESET pulse. If the RESET pulse is generated externally, then it must be held below 0.5V for at least 50 millise- 
conds. 

This is what happens when you reset an 8048 series microcomputer: 

1) The Program Counter and the Program Status Word are cleared. This selects register bank 0 and program memory 
bank 0. Also, the first instruction executed following a Reset will be fetched from program memory location 0. 

2) The Bus Port is floated. 

3) I/O Ports 1 and 2 are set to Input mode. 

4) External interrupts are disabled. 

5) The counter/timer is stopped and TO is disconnected from the timer. 

6) The timer flag and internal flags FI and FO are cleared. 
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An external crystal, if present, is connected across XTAL1 and XTAL2. Typically a 6 MHz crystal will be used. You 
can input a clock signal directly to XTAL1. If you do. the input clock signal should have a frequency in the range of 1 
MHz to 6 MHz, or 1 1 MHz for the 8049. 

The 8048 series microcomputers use power supplies in a number of interesting ways. 

Vcc is the standard +5V power supply. Vss is the standard ground connection. 

Vqd is an additional +5V standby power supply. This standby power supply will maintain the contents of 
scratchpad memory when all other power has been removed. Typically Vqd will be connected to a battery so that 
when the system is powered down data can be preserved in scratchpad memory (8048, 8035L and 8049 only). 

The 8748 and 8749 microcomputers use Vqd and PROG in order to program the EPROM. While programming the 
EPROM, a voltage of +25V is input at Vqq. +25V pulses lasting 50 milliseconds are input at PROG. A single byte of 
program memory will be written during a single PROG +25V pulse. 

PROG serves as a control strobe output to the 8243 Input/Output Expander during the execution of instructions 
that reference the Expander ports. This function of PROG is described in more detail later in this chapter, when we de- 
scribe the 8243 I/O Expander. 


8048 SERIES TIMING AND INSTRUCTION EXECUTION 

Let us begin our detailed analysis of 8048 series microcomputer operations by looking at basic instruction tim- 
ing. 

A master clock signal must be input via XTAL1, or the clock signal may be generated internally by connecting a 
crystal across XTAL1 or XTAL2. A 6 MHz crystal is recommended. This clock signal is divided by 3 to generate a 
master synchronizing 2 MHz signal which is used throughout the microcomputer system. You can output this 2 
MHz ciock signal via the TO pin. 

All -8 versions of 8048 series microcomputers operate at half speed; they use 3 MHz crystals and generate a 1 
MHz master synchronizing signal. 

Instructions execute in machine cycles. Every machine cycle has five ciock periods. 

Using a 2 MHz clock signal, therefore, each machine cycle will last 2.5 microseconds. Instruc- 
tions execute in either one or two machine cycles. 

INTERNAL EXECUTION MODE 

Figure 6-6 iliustrates timing for the simplest case — execution of a single machine cycle in- 
struction accessing internal program or data memory only. The only signal change seen beyond the microcomputer 
chip itself is the ALE pulse — and the CLK signal, if you elect to output it via TO. The events which occur during each 
clock period are illustrated in Figure 6-6; but remember, these operations are internal to the microcomputer. They are 
beyond your access or control. 

Figure 6-6 also illustrates timing for instructions that execute in two machine cycles, but access only program and/or 
data memory internal to the microcomputer chip. Once again external logic sees ALE, and optionally CLK. 


8048 SERIES 
MACHINE 
CYCLES AND 
CLOCK PERIODS 
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(TO) CLK 

ALE 
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T1 

T2 
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B 
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1 
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1 

1 

, 
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Input in 

struction 
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J 

Execute instruction 

1 

1 


. . / 

Output next instruction address 


— Increment PC 

: 

uecoae insiruciion 

Input instruction — 


A 

Execute instruction 

r 

Decode instruction 

Output next instruction address 


Figure 6-6. Execution of 8048 Single Machine Cycle Instructions 
without any External Access 
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EXTERNAL MEMORY ACCESS MODE 

Now consider external program and data memory accesses. 


Figure 6-7 illustrates timing for an external program memory read. The external program memory address is output 
via DBO - DB7 (low-order eight address lines) and P20 - P23 (high-order four address lines). The address is maintained 
stable just long enough for external logic to latch it on the high-to-low transition of ALE. 


The low PSEN pulse serves as an external program memory read strobe. While PSEN is low, external program memory 
must decode the latched address and place the contents of the addressed memory byte on the DBO - DB7 lines. The 
microcomputer will read DBO - DB7 on the trailing (low-to-high) transition of PSEN. 

Timing associated with reading data from external data memory and writing to external data memory is illustr- 
ated in Figure 6-8. Timing is very similar to the extern al in struction fetch illustrated in Figure 6-7. Instead of PSEN 
being pulsed low, RD is pulsed low to strobe data input; WR is pulsed low to strobe data output. Since the total exter- 
nal data memory address space is 256 bytes, the complete address is transmitted via DBO - DB7; thus P20 - P23 is in- 
active during an access of external data memory. 


Note that the 8048 series microcomputers have no Wait state. External memory must 
therefore respond to read or write operations within the allowed time. This is not much of a prob- 
lem since 8048 series microcomputers operate relatively slowly; most standard memory devices 
will have no trouble meeting timing requirements. If you want to use slower memories, use the 
slower 5 microsecond machine cycle versions of the 8048 microcomputers. 


8048 

WAIT 

STATE 
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Signals not directly involved in the 8048-8355 interface are not shown. 


Figure 6-9. An 8048-8355 Configuration 



Figure 6-10. Demultiplexing DB0-DB7 to Create Separate 
Address and Data Busses 
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Let us examine microcomputer configurations that include external memory. 

Vendor literature illustrates complex microcomputer systems built around 8048 series microcomputers; while 
such large microcomputer systems are certainly feasible, they are not advisable. If you are going to expand an 

8048 series microcomputer system to more than two or three devices, in all probability an 8085 system would 
be more economical and powerful — not to mention a number of other microcomputers described in this book. 
We will therefore confine ourselves to illustrating 2- and 3-chip configurations. 

Figure 6-9 illustrates an 8048-8355 (or 8755) configuration. The 8355 (or 8755) is a multifunction support 
device described in Chapter 5. 

Figure 6-10 shows how you can connect standard memory devices to an 8048 series microcomputer. 

Let us examine Figure 6-9. The 8048 Bus Port is directly compatible with ADO - AD7, the multiplexed Data and Ad- 
dress Bus of the 8355 device. 

The three high-order address lines required by the 8355, A8, A9 and A10, are taken 
directly from P20, P21 and P22. P23, the high-order address line output by the 8048, is 
used to enable the 8355. As shown in Figure 6-9, this means the 8355 will respond to ad- 
dresses in program memory bank 1. If you are using an 8035 microcomputer, then P23 
could be connected to the CE enable pin of the 8355: now the 8355 will respond to ad- 
dresses in program memory bank 0. It would make little sense having the 8355 respond to 
addresses in program memory bank 0 when using an 8048 or 8748, because the first 1024 bytes of program memory 
are internal to these microcomputers: that means the first 1024 bytes of 8355 memory would never be accessed. The 

8049 microcomputer has 2048 bytes of on-chip program memory, so you would access no 8355 memory. 

Control signals needed to read data out of 8355 program memory are easily derived. The 8048 ALE output is exactly 
what is needed for the 8355 ALE input. The memory strobe RD required by the 8355 is adequately generated by the 
PSEN output of the 8048. 

You can also access th e 83 55 I/ O po rts by connecting the RD and WR outputs of the 8048 to the lOR and lOW 
inp uts o f the 8355; the lOR and lOW control inputs of the 8355 were specifically designed for this purpose. RD 

and WR control signals are generated by the 8048 series microcomputers in order to access data memory external to 
the microcomputer device itself. Thus the I/O ports of the 8355 device must be accessed within the address space of 
external data memory. In Figure 6-9 external data memory addresses 0, 1, 2 and 3 will access the 8355 I/O ports — and 
their respective Data Direction registers. Of course, the 8355 I/O ports can be accessed only while the 8355 is selected 
— via a high CE input. 

In order to attach standard memory devices to an 8048 series microcomputer, you 
must demultiplex the DBO - DB7 lines to create separate Data and Address Busses. 

Figure 6-10 shows how to do this using two 8212 I/O ports. 8212 I/O port operations 
are described in Chapter 4. In Figure 6-10 the 8212 I/O ports are being used as simple out- 
put ports without handshaking. By tying STB and MD high, the 8212 I/O ports will output 
whatever is being input while the device is selected. We use the ALE signal to complete 
selection of the 8212 I/O ports: thus while ALE is high the two ports are selected. 

Timing may be illustrated as follows: 


STANDARD 

MEMORY 

DEVICES 

CONNECTED 

TO AN 8048 

SERIES 

MICROCOMPUTER 


8355 OR 8755 
CONNECTED 
TO AN 8048 
SERIES 

MICROCOMPUTER 
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Thus the 8212 ports output DBO - DB7 or P20 - P23 levels latched while ALE is high. Once ALE goes low, 8212 port 
outputs remain constant. 

But there are a few subtleties associated with Figure 6-10. 

When an 8048 series microcomputer is accessing external program memory, a 1 2- bit ad dress is output via DBO - DB7 
and P20-P23; therefore the entire Address Bus is needed as illustrated. A low PSEN pulse serves as the external 
memory read strobe. 

When 8048 series microcomputers access external data memory, however, only DBO - DB7 is affected. Thus the sec- 
ond 8212 I/O port creates address lines A8 - A15, which will carry the most recent data output to I/O Port 2 — for ex- 
ample, you may set all I/O Port 2 pins to 0 during initialization. If I/O Port 2 is undefined, spurious selection of program 
memory will occur in configurations that include external program and data memory. At the time ALE is output as a 
high pulse no other signals indicate whether the subs equent memory acce ss w ill involve program memory or data 
memory. It is only the separate control strobes — PSEN for program memory, WR and RD for data memory — that in- 
sure the correct memory module will be accessed. If your 8048 program uses I/O Port 2 for data output as well as for 
external memory addressing, you should buffer the System Bus; make sure, in this case, that the System Bus has suffi- 
cient capacity to handle two selected memory devices simultaneously. 

Even though two memory devices m ay be selected simultaneously, you will not ru n int o memory access contentions 
since program memory is strobed by PSEN while data memory is strobed by RD and WR. Only one of these signals will 
be active at any time. 

DEBUG MODE 

You can bypass program memory internal to the 8048 series microcomputer by inputting a high signal at EA. 
While EA is high, timing for all program memory accesses will confor m to ex ternal program memory accesses as 
illustrated in Figure 6-7. You may change the level of EA only when RESET is low; that is, you cannot switch bet- 
ween internal and external memory during program execution. 

Here is one of the ways in which you may use Debug mode: 

In user end products an external memory device may contain test and verify programs. A service representative will ex- 
ecute these test and verify programs by applying a high input at EA. For example, you could connect an 8355 multi- 
function device to the 8048, selecting it via program memory bank 0. If EA is taken out to a switch, a serviceman will be 
able to execute programs out of the first 1024 bytes of 8355 program memory, instead of internal microcomputer 
memory. 

EA is also used by programming and verification modes. This use of EA, however, has nothing to do with Debug 
mode. 

SINGLE STEPPING 

If you input a low signal at SS, then when ALE next pulses high, it will stay high until SS returns high. While ALE is 
high, instruction execution ceases and the current Program Counter contents are output via DBO - DB7 and P20 - P23. 
Timing may be illustrated as follows; 



The CPU only tests SS level while ALE is high. At other times SS level is irrelevant. 

Single stepping is an 8048 series microcomputer program debugging aid. Intel literature suggests the circuit il- 
lustrated in Figure 6-1 1 to create an SS signal that is initiated by an ALE pulse and terminated by a pushbutton. 
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Figure 6-1 1. An 8048 Single Step Circuit 

If you do not wish to single step, then connecting the Single Step switch in the Run position will hold PRESET at 
ground, which forces the Q output high; instructions will execute normally. With the Single Step switch in the Single 
Step position, PRESET is hel^high; now the ALE_input to CLEAR becomes active. As soon as ALE goes low the Q out- 
put is also driven low; thus SS is low. The low SS is detected on the next high ALE pulse, at which time ALE remains 
high and the cycle is stopped. This condition persists until the pushbutton is depressed. Depressing the pushbutton 
creates a low-to-high clock transition which forces SS high — thus terminating the stopped condition. You, as a user, 
will see a program advance one instruction every time you press the pushbutton. 

While an 8048 series microcomputer is stopped in a single step, the current Program Counter contents are out- 
put via the Bus Port (DBO - DB7) and P20 - P23. The Bus Port output presents no problem since you would expect to 
see address information output at this time. But if I/O Port 2 is being used as a regular I/O port, then prior data present 
on lines P20 - P23 will not be available during the address output. Thus if you wish to view I/O data output while 
single stepping, you must latch I/O Port 2 data externally. 

PROGRAMMING MODE 

Of the 8048 microcomputer series, only the 87XX numbered microcomputer program memory can be written 
into. We will now examine the vvay in which the 8748 EPROM is programmed and verified. 

In all probability, you will program an 87XX memory using a development tool which automates the entire pro- 
cess. That being the case, the event sequence which we are about to describe is not particularly interesting to 
you, since it is taken care of by the PROM programmer. But if you build your own PROM programmer, or if for 
any reason you need to understand the PROM programming sequence, then read on. 

While programming and verifying the EPROM, you should input a clock signal at XTAL1 with a frequency between 1 
and 6 MHz; you can also use the on-chip oscillator at this time. 

Operations now proceed one byte at a time; you write a byte into program memory, then you verify that the data has 
been written correctly. 
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In the discussion which follows, refer to Figure 6-12, which illustrates tinning for the program/verify sequence. 

Step 1) Initially -F5V is input at Vqd, TO and EA. RESET is held at ground. Under these conditions you insert the 
8748 into the programming socket. You must make certain to insert the 8748 correctly. If you insert the 
8748 incorrectly you will destroy it. 

Step 2) TO is pulled to ground:, this selects Programming mode. 

Step 3) -f25V is applied to EA. This activates Programming mode. 

Step 4) A 10-bit memory address is applied via DBO - DB7 and P20 - P23. Remember, there are 1024 bytes of pro- 
gram memory on the 8748 device. The low-order eight address bits are input via DBO - DB7 while the two 
high-order address bits are input via P20 and P21. 

Step 5) -F5V is applied at RESET. This latches the address. 

Step 6) The data to be written into the addressed programmed memory byte is inplit at DBO - DB7. 

Step 7) In order to write the data into the addressed program memory byte apply -f-25V to Vdd- then ground PROG, 
then apply a +25V pulse at PROG; the -F25V pulse at PROG must last at least 50 milliseconds. 

Step 8) Now reduce Vdq to -FBV. Programming is complete and verification is about to begin. 

Step 9) In order to verify the data just written, apply -F5V to the TO input. This selects Verify mode. 

Step 10) As soon as Verify mode has been selected, the data just written is output oh DBO - DB7. You must read and 
verify this data using appropriate external circuitry. Verification is now complete. 

In order to write into the next memory byte, select Programming mode again by connecting TO and RESET to ground: 

then return to Step 3. 

Repeat the program/verify sequence, byte-by-byte, until the entire program memory has been written into. 

In order to erase the EPROM expose it to ultraviolet light for a minimum of 20 minutes. 
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VERIFICATION MODE 

You can verify the contents of an 8048 series microcomputer program memory at any time. 

When verifying program memory contents for an 8048 series m icrocomputer with EPROM, you enter the Verify mode 
by applying +25V to the EA pin and +5V to the TO pin. RESET must be held at ground while you apply +5V to the TO 
pin. 

Using an 8048 series microcomputer with ROM, you enter the Verifymode by applying +12V to the EA pin. 

Once in the Verify mode, place the address of the program memory location which is to be read at DBO - DB7 (low- 
order byte) and P20 - P2i (high-order four bits). 

Latch this address by applying -f-BV to RESET. 

While RESET is high, the contents of the addressed program rriemory location are output via DBO - DB7. 

You may repeat the verification process, byte-by-byte. 

Verification timing is illustrated as follows: 



INPUT/OUTPUT PROGRAMMING 

8048 series microcomputers (with the exception of the 8021) have three I/O ports, the physical characteristics of 
which we have already described. Instructions allow ydu to input or output Accumulator data via any one of the 

three I/O ports. You can also directly mask data resident at an I/O port using an AND mask or an OR mask. 

There are two types of input/output beyond the 8048 series microcomputer chip itself. 

The low-order four bits of I/O Port 2 may be connected to the 8243 Input/Output Expander which has four in- 
dividually addressable 4-bit I/O ports. The 8243 Input/Output Expander is described later in this chapter. 

You can also implement I/O ports within the external data memory address space for the expandable microcom- 
puters of the 8048 series. We have already seen how you do this using an 8355 multifunction device connected to an 
8048 series microcomputer. In this particular case the two I/O ports of the 8355 device are addressed as external data 
memory locations 0 and 1. Any other implementation of external I/O ports is allowed; however, in every case the I/O 
ports must be addressed as external data memory bytes using external data memory access instructions. 

HOLD STATE 

There is no Hold state that external logic can ihduce in an 8048 series microcomputer. This is not unreasonable, 
since the purpose of the Hold state is to enable direct memory access operations — which would make little 
sense in a microcomputer system as small as an 8048, which has a maximum of 256 external data memory 
bytes. 
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COUNTER/TIMER OPERATIONS 


All 8048 series microcomputers have an internal counter/timer. Counter/timer logic may be illustrated as 
follows: 


CLK 


T1 




Increment 
register on 
CLK or T1 



Time out flag 

Time out 
interrupt request 


high-to-low 

transition 


The Counter/Timer register is eight bits wide; it is accessed via Accumulator instructions, which move Accumulator 
contents to the Counter/Timer register or move Counter/Timer register contents to the Accumulator. 

Generally stated, this is how the counter/timer works: 

You begin by loading an initial value into the Counter/Timer register. Next, you start the counter/timer by executing 
the STRT T or STRT CNT instruction. The counter/timer will increment continuously until stopped by a Stop 
Counter/Timer instruction. 

Whenever the counter/timer increments from FFi q to OOi0, it activates a counter/timer interrupt request and sets a 
time-out flag. If the counter/timer interrupt has been enabled, then program execution will branch to the appropriate 
interrupt service routine. If the counter/timer interrupt has been enabled, then you must test for a time-out by execut- 
ing the JTO Branch-on-Condition Instruction. 

You can operate the counter/timer as a counter or as a timer. The STRT T instruction operates the counter/timer as 
a timer, in which case the internal system clock increments the Timer register once every 480 crystal oscillations 
(80 microseconds, assuming a 6 MHz crystal). 

You operate the counter/timer as a counter by executing the STRT CNT instruction. Now high-to-low transitions of a 
signal input at T1 increment the counter. The minimum time interval between hIgh-to-low T1 transitions is 45 crystal 
oscillations (7.5 microseconds, assuming a 6 MHz crystal). There is no maximum delay between T1 high-to-low transi- 
tions. Once T1 goes high it must remain high for at least 3 crystal oscillations (500 nanoseconds, assuming a 6 MHz 
crystal). 

You execute the STOP TCNT instruction to stop the counter/timer, whether it is operating as a counter or as a timer. 

Here is an instruction sequence which initiates the counter/timer operating as a timer with interrupts enabled: 

MOV A,#TSTART :L0AD INITIAL COUNTER/TIMER CONSTANT 

MOV T,A 

EN TCNTI :ENABLE TIMER INTERRUPT 

STRT T , ;START THE TIMER 

The following instruction sequence operates the counter/timer as a counter with interrupts disabled; 


DIS 

TCNTI 

;D1SABLE COUNTER INTERRUPT EARLY IN PROGRAM 

MOV 

A.#TSTART 

;(.OAD INITIAL COUNTER/TIMER CONSTANT 

MOV 

T.A 


STRT 

CNT 

;START COUNTER 


INTERNAL AND EXTERNAL INTERRUPTS 

The 8048 series microcomputers have a simple interrupt scheme that is effective and adequate for small 
microcomputers. Interrupts can originate from one of three sources: 

1) A Reset. This is a non-maskable interrupt. 

2) An external interrupt induced by setting INT low. (This is not available on the 8041 and 8021 series microcom- 
puters.) 

3) A counter/timer interrupt which is automatically requested every time the Counter/Timer register increments from 
FFi 6 to 00i6- 
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External interrupts and counter/timer interrupts can be enabled and disabled individually. 

When any one of the three interrupt requests is acknowledged, the microcomputer executes a Call instruction 
to one of these three locations: 

Reset: CALL 0 
External interrupt; CALL 3 
Counter/Timer interrupt: CALL 7 

The Reset interrupt always has highest priority and cannot be disabled. 

If an external interrupt request and a counter/timer interrupt request occur simultaneously, the external interrupt will 
be acknovyledged first. When either an external interrupt or a counter/timer interrupt is acknowledged, all inter- 
rupts (except Reset) are disabled until an RETR instruction is executed. VVithin an External or Timer interrupt 
service routine you cannot enabje interrupts under program control. This may be a problem if you are using the 
timer and external interrupts in timer sensitive applications. If execution time for an external interrupt's service routine 
extends over more than one counter/timer time out, then you will fail to detect one or more time outs. The simplest way 
of resolving tj^is problem is to make sure that your External iriterrupt service routines are very short — executing in 75% 
of the counter/timer interval, or less. If this is not feasible, then you must monitor the counter/timer by testing its time 
out flag rather than by using counter/timer interrupt logic. You can execute the JTF conditional Jump instruction at 
frequent intervals within the main program and interrupt service routines, thus catching time outs irrespective of when 
they occur.: 

You can re-enable interrupts within an interrupt service routine by executing a dummy RETR instruction. Here is 
an appropriate instruction sequence: 

START OF INTERRUPT SERVICE ROUTINE 


CALL ENAB ;RE-ENABLE INTERRUPTS 

EN ' I 

EN TCNTI 


END OF INTERRUPT SERVICE ROUTINE 
ENAB RETR 

Enabling interrupts within a service routine, as illustrated above, is not recommended in an 8048 microcomputer 
system. ' 

Two problems need to be resolved when using external interrupts in an 8048 series microcomputer system: an 
interrupt acknowledge must be created, and in multiple interrupt configurations we must be able to identify the 
interrupting source. 

8048 series microcomputers have no interrupt acknowledge signal. An interrupt acknowledge signal must be created; 
otherwise external logic does not know when to remove its interrupt request. And if the interrupt request remains after 
an RETR instruction executes, the interrupt will be reacknowledged. The only straightforward way of acknowledg- 
ing an interrupt is to assign one of the I/O port pins to serve as an interrupt acknowledge signal. The external in- 
terrupt service routine will begin by outputting an appropriate low pin signal. Here is one possibility: 

ANL P1,#7FH ; RESET PIN 7 OF I/O PORT 1 LOW 

ORL P1,#80H :SET PIN 7 OF I/O PORT 1 HIGH 

Here, the output at pin 7 of I/O Port 1 is a low pulse with a duration of two machine cycles (5.0 microseconds). 

But remember, if you use an I/O port pin as an interrupt acknowledge, you cannot use the same pin to perform standard 
I/O operations. 
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If there are many external devices which can request interrupt service, then the most effective way of handling multiple 
interrupts is via a daisy chain. Daisy chain logic has been discussed in Volume I — Basic Concepts . The acknowledged 
device in the daisy chain must create a device code that is input to an I/O port. Figure 6-13 illustrates a scheme 
whereby eight devices in a daisy chain may request interrupt service, and upon being acknowledged, the 
selected device will Input a unique code to I/O Port 1. The high-order bit of I/O Port 1 serves as an interrupt 
acknowledge. I/O Port 1 bits 0, 1 and 2 receive as inputs a 3-bit code identifying the acknowledged device. 

The daisy chain logic in Figure 6-1 3 is creat ed using a chain of eight AND ga tes an d eight NAND gates. The AND gates 
are chained in order of priority, with I NTO having the highest priority and INT7 having the lowest priority. The first 
NAND gate receives as its inputs INTO and the acknowledge signal output via pin 7 of I/O Port 1. Subsequent NAND 
gates receive as their inputs an interrupt request signal, the acknowledge signal and the output of the previous AND 
gate. The output of each NAND gate becomes an interrupt ackno wledge signal which is low-true. Thus in Figure 6-13 
there are eight low-true interrupt requ ests, re presente d by sig nals INTO through INT7, and there are eight low-true in- 
terrupt acknowledges, repre sented by lACKO through IACK7. Each exter nal dev ice capable of requesting an interrupt 
must output a low-true INTn which it removes upon receiving a low-true lACKn. For device 3 this may be illustrated as 
follows; 



The eight interrupt request signals INTO through INT7 are in put to an AND gate. The AND gate generates a master low- 
true interrupt request, INT. If any one or more of the INTn signals are low, then the AND gate will output a low INT. 

The eight interrupt acknowledge signals lACKO - 1ACK7 are input to an 8-to-3 Decoder. The 8-to-3 Decoder will receive 
seven high signals and one low signal. The one low signal will be identified by the decoder 3-bit output which is 
transmitted to pins 0, 1 and 2 of I/O Port 1. 
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This then is the event sequence associated with an interrupt request; 

1) INT is input low to the 8048. 

2) The interrupt is acknowledged by the CPU, which branches to an interrupt service routine. 

3) The first instruction of the interrupt service routine outputs a low level via pin 7 of I/O Port; 1. 

4) The interrupt service routine receives back, via pins 0, 1 and 2 of I/O Port 1 , the device code for the acknowledged 
device. You must make sure that the program being executed gives external logic time to return this code. You 
may have to insert No Operation instructions to create the necessary time delay. 

5) A high level is output via pin 7 of I/O Port 1. 

6) Using the code input via pins 0, 1 and 2 of I/O Port 1, branch to the appropriate interrupt service routine. 

Here is the initial instruction sequence required by the logic of Figure 6-13: 

ORG 3 

iSTART OF INTERRUPT SERVICE ROUTINE 
JMP EXTINT 


ORG 

EXTINT 

ANL 

P1.#7FH 

NOP 


IN 

A.P1 

ORL 

P1.#80H 

ANL 

A.#7 

JMPP 

@A 


SET I/O PORT 1 PIN 7 LOW 

ALLOW SETTLING TIME 

INPUT PORT 1 CONTENTS 

SET I/O PORT 1 PIN 7 HIGH 

CLEAR ALL ACCUMULATOR BITS BAR 0, 1 AND 2 

JUMP TO IDENTIFIED INTERRUPT SERVICE ROUTINE 


Let us examine the interrupt service routine beginning instruction sequence illustrated above. 


When an 8048 series microcomputer is initially reset, all I/O port pins output high levels. Thus you do not have to in- 
itialize pin 7 of I/O Port 1 to a high level. 


We actually identify one of eight device interrupt service routines by creating a 3-bit code in bits 1, 2 and 3 of the Ac- 
cumulator. We then perform an indirect Jump. This Jump instruction will branch to a location on the current page of 
program memory; the address is fetched from the location in the current page addressed by the Accumulator contents. 
We illustrated this addressing technique earlier in the chapter. 


Given the instruction sequence illustrated above, the first eight program memory locations on the same page as the 
JMPP instruction must be set aside for eight addresses: these are the starting addresses for the interrupt service 
routines. This may be illustrated as follows: 


EXTINT 


ORG 

#0300H 

DB 

ISO 

DB 

IS1 

DB 

IS2 

DB 

IS3 

DB 

IS4 

DB 

IS5 

DB 

IS6 

DB 

IS7 

ANL 

#7FH 


ADDRESS OF INTERRUPT SERVICE ROUTINE 0 
ADDRESS OF INTERRUPT SERVICE ROUTINE 1 
ADDRESS OF INTERRUPT SERVICE ROUTINE 2 
ADDRESS OF INTERRUPT SERVICE ROUTINE 3 
ADDRESS OF INTERRUPT SERVICE ROUTINE 4 
ADDRESS OF INTERRUPT SERVICE ROUTINE 5 
ADDRESS OF INTERRUPT SERVICE ROUTINE 6 
ADDRESS OF INTERRUPT SERVICE ROUTINE 7 
SET I/O PORT 1 PIN 7 LOW 


The daisy chained interrupt scheme discussed above can also be implemented using the circuit in Figure 6-14. 
The advantage of this circuit is that it requires fewer chips than the circuit of Figure 6-13. As far as the 8048 
program is concerned, however, the two circuits are identical. 

The INT and device code inputs are generated in exactly the same way. However, an eight-iine-to-three-line priority en- 
coder (9318 or 74148) replaces the network of AND gates. As the function table for the encoder shows, the device code 
output on lines A2, A1 and AO is that of the highest priority request. The CPU enables the code outputs by sending the 
acknowledge signal. 
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74LS138, 74S138 FUNCTION TABLE 


9318, 74148 FUNCTION TABLE 


SELECT 


OUTPUTS 


INPUTS 


OUTPUTS 


YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 


^ 10 II 


12 13 14 15 16 17 


A2 A1 AO GS EO 


H H H H H H 


H H H H 


•G2 = G2A V G2B 


H = high level, 


Figure 6-14, A Low Chip Count Implementation of an Eight-Device Daisy Chained 
Interrupt Request/Acknowledge Scheme 


In Figure 6-13, a network of NAND gates generated the low-true interrupt acknowledge signal to inform the appropri- 
ate device that its interrupt was being serviced. In Figure 6-14, a three-line-to-eight-line decoder {74S1 38 or 74LS1 38) 
translates the device code output by the encoder and sets the corresponding acknowledge line low, as is shown in the 
function table for the decoder. 

Connecting the enable inputs as shown prevents spurious acknowledgements or phantom device codes, provided that 
the CPU gives the external devices time for response and propagation delay. 
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THE 8048 MICROCOMPUTER SERIES 
INSTRUCTION SET 

Table 6-2 summarizes the instruction set for the 8048 series microcomputers. Instruction object codes and tim- 
ing are given in Table 6-3. This instruction set reflects the specific architecture of 8048 series microcomputers. For ex- 
ample, there are separate I/O instructions to access the three on-chip I/O ports, as against 8243 Input/Output Expander 
I/O ports. Also, there are separate instructions to access on-chip scratchpad read/write memory, as against external- 
data memory. 

The 8048 instruction set is probably more versatile than any other one-chip microcomputer instruction set de- 
scribed in this book. The only omission that may cause problems is the lack of an Overflow status: this will make 
multibyte signed binary arithmetic harder to program. 

THE BENCHMARK PROGRAM 

The benchmark program we have been using in this book is not realistic for the 8048 with its limited data memory. 
Using the 8048 you would not load data into some general depository, then transfer it to a specific data table. 

In order to provide some illustration of 8048 instructions, however, we will slightly modify the benchmark program and 
move a number of data bytes from the top of scratchpad memory to a table in external data memory. Since the data in 
scratchpad memory must have been input from an I/O port, we will assume that the number of scratchpad memory 
bytes is stored in General Purpose Register R7. The table in external memory begins at a known location and the first ta- 
ble byte addresses the first free table location. Operations performed may be illustrated as follows: 


External Data 

Scratchpad Memory 
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LOOP 


MOV 

R0,#TBASE 

MOVX 

A,@R0 

MOV 

R1,A 

ADD 

A,R7 

MOVX 

®R0,A 

MOV 

R0,#3FH 

MOV 

A.®R0 

MOVX 

®R1,A 

DEC 

RO 

INC 

R1 

DJNZ 

R7,LOOP 


LOAD EXTERNAL TABLE BASE ADDRESS INTO RO 
LOAD ADDRESS OF FIRST FREE BYTE INTO A 
SAVE IN R1 

ADD NEW BYTE COUNT TO A 

RESTORE IN FIRST FREE BYTE OF EXTERNAL TABLE 

LOAD SCRATCHPAD ADDRESS INTO RO 

MOVE DATA FROM SCRATCHPAD TO A 

STORE IN EXTERNAL DATA TABLE 

DECREMENT RO 

INCREMENT R1 

DECREMENT R7. SKIP IF NOT ZERO 


These are the abbreviations used in Table 6-2: 


A 

A03 
R 

REG 
RN 
T 
C 

AC 
MBO 
® MB1 
MBN 
I 

12 

PC 

PC10 

PCL 

PCH 

SP 

PSW 


The Accumulator 
Accumulator bits 0-3 
Register RO or R1 

Accumulator, RO, R1, R2, R3, R4, R5, R6 or R7 

Register RO, R1, R2, R3, R4, R5, R6 or R7 

Timer/Counter 

Carry status 

Auxiliary Carry status 

Program memory bank 0 

Program memory bank 1 

MBO or MB1 

The Instruction register 

Second object code byte 

The Program Counter 

The Program Counter, bits 0-10 

The Program Counter, bits 0-7 

The Program Counter, bits 8-1 1 

Stack Pointer: PSW bits 0, 1 and 2 

The Program Status Word which has bits assigned to status flags as follows: 
7 6 5 4 3 2 1 0 Bit No. 


AC 


z 

I 

SP2 

SPl 


S PSW bit C, FO or FI 

DATA 8-bit immediate data 

DEV An I/O device 

PORT I/O Port PI, P2 or BUS 

ADDR An 1 1-bit address, specifying a data memory byte 
ADDR8 The low-order eight bits of a memory address 
[] - Contents of location identified within brackets 

[[]] Scratchpad memory byte addressed by location identified within brackets 
It]) External memory byte addressed by location identified within brackets 

([]) Program memory byte addressed by location identified within brackets 
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*— Move data in direction of arrow 

* Exchange contents of locations on either side of arrow 

+ Add 

Subtract 
A AND 

V OR 

V Exclusive-OR 

BUS Bus I/O port 

PI I/O Port 1 

P2 I/O Port 2 

EP 8243 Expander Port P4, P5, P6 or P7 

PN PI or P2 
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Table 6-2. A Summary of 8048 Microcomputer Instruction Set 


TYPE 

MNEMONIC 

OPERANDISI 

8021 

8041 • 

8048 

8049 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

AC 


ANL 

PORT,#DATA 




2 



[ PORT ] — [ PORT] A DATA 










AND immediate data with I/O Port PI. P2 or BUS 


ANLO 

EP,A 




1 



tEP]-tA03] A [EP] 










AND expander port P4, P5, P6 or P7 with Accumulator bits 0-3 


IN 

A.PN 




1 



[A]— [PN] 










Input I/O Port PI or P2 to Accumulator 


IN 

A.DBB 




1 



lA]— [BUS] 










Input to Accumulator from Data Bus buffer 


INS 

A,BUS 




1 



lAl — [BUS] 










Input BUS to Accumulator with strobe 

O 

MOVD 

A,EP 




1 



[A03] — [EP] 

- 









Input expander port P4, P5, P6 or P7 to Accumulator bits 0-3 


MOVD 

EP,A 




1 



[EP] — [A03] 










Output Accumulator bits 0 - 3 to expander port P4, P5. P6 or P7 


ORL 

PORT,#DATA 




2 



[ PORT] — [ PORT] V DATA 










OR immediate data with I/O Port PI, P2 or BUS 


ORLD 

EP,A 




1 



[EP]— [A03]V [EP] 










OR Accumulator bits 0-3 with expander port P4, P5. P6 or P7 


OUT 

DBB.A 




1 



[BUS]— [A] 










Output from Accumulator to Data Bus buffer 


OUTL 

PORT,A 




1 



[PORT]— [A] 










Output Accumulator contents to I/O Port PI. P2 (or BUS 8048. 8049 only) 


MOV 

Aj@R 




1 



[A]-[[R]] 










Load contents of scratchpad byte addressed by RO or R1 into Accumulator 


MOV 

^,A 




1 



[[R]]-[A] 










Store Accumulator contents in scratchpad byte addressed by RO or R1 

o 

MOVP 

A.(P>A 




> 



[A]-([PCH] [A]) 

z 

UJ 









Load into the Accumulator the contents of the program memory byte addressed by the Ac- 

lij 









cumulator and Program Counter bits 8-11. 

UJ 

MOVP3 

A,<S>a 




1 



(A]-(3 [A]) 

> 









Load into the Accumulator the contents of the program memory byte with binary-address 

O 









(X)1 1XXXXXXXX where XXXXXXXX represents initial Accumulator contents. 

s 

MOVX 

A;@R 




1 



(A]-![R]i 

s 









Load contents of external data memory byte addressed by RO or R1 into Accumulator 

> 

MOVX 

@R,A 




1 



![R]1-[A] 

< 









Store Accumulator contents in external data memory byte addressed by RO or R1 . 

s 

XCH 

A.(a)R 




1 



[A] [[R]] 

& 









Exchange contents of Accumulator and scratchpad memory byte addressed by RO or R1 


XCHD 

A.(san 




1 



[A03] [[R]03] 










Exchange contents of Accumulator bits 0-3 with bits 0 - 3 of scratchpad memory byte ad- 










dressed by PO or R1 
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Table 6-2. A Summary of 8048 Microcomputer Instruction Set (Continued) 







8048 


STATUS 


TYPE 

MNEMONIC 

OPERANDtSi 

8021 

8041 

BYTES 



OPERATION PERFORMED 

8049 

C 

AC 

UJ 

U 

ADD 





1 

X 

X 

IA1-[A1+ ttRll 

UJ 









Add contents of scratchpad byte addressed by RO or R1 to Accumulator 

a; a 

ADDC 





1 

X 

X 

IA)-(A1+ I[R))+ to 










Add contents of scratchpad byte addressed by RO or R1, plus Carry, to Accumulator 

> UJ 

ANL 





1 



tAj-[A)A[[Rll 

O O 









AND contents of scratchpad byte addressed by RO or R1 with Accumulator 


ORL 





1 



IA1-(A1V [[Rll 

S o 









OR contents of scratchpad byte addressed by RO or R1 with Accumulator 

>. 5 
c u 

XRL 





1 



IA1-[AJV[[RI1 

< 2 









Exclusive OR contents of scratchpad byte addressed by RO or R1 with Accumulator 

z 

INC 





1 



nRJl-[[Rll + 1 

u 

UJ 









Increment the contents of the scratchpad byte addressed by RO or R1 

UJ 

MOV 





2 



IREGI — DATA 










Load immediate data into Accumulator, or Register RO, Rt, R2, R3, R4, R5, R6 or R7 

UJ 

MOV 





2 



[[Rll— DATA 

s 









Load immediate data into scratchpad byte addressed by RO or R1 


JMP 

ADDR 

■ 

■ 

■ 

■MH 

■ 

■ 

[PC101 — ADDR 










Jump to instruction in current 2K block having label ADDR 


JMPP 

@A 







[PCI — [PCHHAI, [PCLl — ( [PCHHAD 










Load into the eight low order Program Counter bits the contents of the program memory byte 










addressed by the Accumulator and the four hgih order Program Counter bits. 


SEL 

MBO 

■ 

■ 

■ 

HH 

■ 

■ 

With the next JMP or CALL instruction, reset the high order bit of PC to 0, thus selecting first 2K 
program memory bytes. 


SEL 

MB1 

1 

■ 

1 

[^1 

1 

1 

With the next JMP or CALL instruction, set high order bit of PC to 1, thus selecting second 2K 
program memory bytes. 


CALL 

ADDR 

■ 

n 

■ 


■ 

■ 

STACK — STATUS + [PCI, [SPl— [SP1+ 1, [PCI — ADDR 

S 









Call subroutine at specified address. 


RET 








[PCI— STACK. [SPl — [SPl-1 

ee 









Return from subroutine without restoring status 

Z 

RETR 








[ PCI + STATUS —STACK, [SPl-[SPl-1 

< 

•j 

< 

u 

UJ 

z 

H 

3 

O 

ce 

CO 

3 

(/> 



1 



1 


1 

Return from subroutine and restore status 
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Table 6-2. A Summary of 8048 Microcomputer Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERANOISI 

8021 

8041 

8048 

8049 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

AC 


ADD 

A,#DATA 

X 

X 

X 

2 

X 

X 

[A] — [Al + DATA 

UJ 









Add immediate data to Accumulator 

< 

a 

ADDC 

A,#DATA 

X 

X 

X 

» 2 

X 

X 

lAl — tAl + DATA+ [Cl 










Add immediate data plus Carry to Accumulator 

O 

ANL 

A,#DATA 

X 

X 

X 

2 



[Al— [AIADATA 










AND immediate data with Accumulator contents 

o 

ORL 

A,#DATA 

X 

X 

X 

2 



[Al — [AlVDATA 

S 









OR immediate data with Accumulator contents 

S 

XRL 

A,#DATA 

X 

X 

X 

2 



[Al — [Al¥DATA 










Exclusive OR immediate data with Accumulator contents 


DJNZ 

RN.ADDRS 




2 



[RNl — [RNl-1. If [RNl j«0. [PCLl— ADDR8 










Decrement Register RO. R1. R2, R3. R4. R5. R6 or R7. If the result is not 0. branch to ADDR8 on 










the current program memory page. 


JBb 

ADDR8 




2 



[PCLl- ADDR8 










Jump on current page if Accumulator bit b is 1. b must be 0, 1. 2. 3, 4. 5. 6 or 7 


JC 

ADDR8 




2 



[PCLl — ADDR8 










jdump on current page if Carry is 1 


JFO 

ADDR8 




2 



[PCLl — ADDR8 










Jump on current page if flag FO is 1 


JF1 

ADDR8 







(PCLl — ADDR8 










Jump on current page if flag FI is 1 


JNC 

ADDR8 







[PCLl — ADPR8 

o 









Jump on current page if Carry is 0 


JNI 

ADDR8 







[PCLl — ADDR8 

z 









Jump on current page if interrupt request input is 0 

O 

JNIBF 

-ADDR8 




2 



[PCLl— ADDR8 

z . 









- Jump if IBF flag is 0 

Q. 

JNTO 

ADDR8 







[PCLl — ADDR8 

. s 









■ Jump on current page if TO input is 0 


JNTl 

ADDR8 







[PCLl— ADDR8 










Jump on current page if T1 input is 0 


JNZ 

ADDR8 







[PCLl — ADDR8 








^Hj 


Jump on current page if Accumulator contents is nonzero 


JOBF 

ADDR8 







(PCLl— ADDR8 










Jump if OBF flag is 1 


JTF 

ADDR8 







(PCLl — ADDR8 










Jump on current page if timer has timed out. that is. if timer flag is 1. The timer flag is reset. to 0 










by this instruction. 


JTO 

ADDR8 







[PCLl — ADDR8 










Jump on current page if TO input is 1 


JT1 

ADDR8 







[PCLl — ADDR8 










Jump on current page if T 1 input is 1 


JZ 

ADDR8 







[PCLl — ADDR8 




■ 

■ 

■ 

IHH 

IH 


Jump on current page if Accumulator contents are zero 
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Table 6-2. A Summary of 8048 Microcomputer Instruction Set (Continued) 


OPERANDISI 


8048 

8049 


OPERATION PERFORMED 


Ub p 

lU 2 


MOV 

MOV 

XCH 


A,RN 

RN,A 

A.RN 


[Al — [RNl 

Move the contents of a general purpose register to the Accumulator 
(RN]-[A] 

Move the Accumulator contents to a general purpose register 
[A] '[RN] 

Exchange the Accumulator contents with the contents of a general purpose register 


Sh 

i s 

lu a, 

fc O 


ADD 

ADDC 

ANL 

ORL 

XRL 


A.RN 

A,RN 

A.RN 

A.RN 

A.RN 


lA] — [A1+ [RNI 

Add the contents of a general purpose register to the Accumulator 
[A] — [A]+ [RN]+ [C] 

Add the contents of a general purpose register, plus Carry, to the Accumulator 
(Al-LAl A [RNl 

AND the contents of a general purpose register with the Accumulator 
[A] — [AlVlRNl 

OR the contents of a general purpose register with the Accumulator 
[A] — [AlV-lRN] 

Exclusive -OR the contents of a general purpose register with the Accumulator 


CLR 

CPL 


DAA 

DEC 


INC 

RL 


A 

A 

REG 

REG 

A 


[Al— 0 

Zero the Accumulator 
[Al-fA] 

Complement the Accumulator 
Decimal adjust Accumulator contents 
[REG]— [REGl-1 

Decrement the contents of the Acrumulator or general purpose register. 
The 8021 can only decrement Accumulator contents. 

[REGl — [REG1+ 1 

Increment the contents of the Accumulator or general purpose register 
Rotate Accumulator left 






Rotate Accumulator left through Carry 




Rotate Accumulator right 







Table 6-2. A Summary of 8048 


o> 

CO 














The following symbols are used in Table 6-3: 

bbb Three bits designating which bit of the Accumulator is to be tested, 
ee Two bits designating an 8243 Expander port; 

00 - P4 

01 - P5 

10 - P6 

11 - P7 

k One bit selecting a memory or register bank: 

0 MBO or RBO 

1 MB1 or RBI 

MM Eight bits of immediate data 

nnn Three bits designating one of the eight general purpose registers 
pp Two bits designating one of the on-chip I/O ports: 

00 - BUS 

01 - PI 

10 - P2 

qq Two bits designating either I/O Port 1 or I/O Port 2: 

01 - PI 

10 - P2 

r One bit selecting a pointer register; 

0 - RO 

1 - R1 ■ 

XXX The high-order three bits of a program memory address 
XX Th|e low-order eight bits of a program memory address 
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Table 6-3. 8048 Series Instruction Set Object Codes 


INSTRUCTION 

OBJECT CODE 

BYTES 

MACHINE 

CYCLES 

INSTRUCTION 

OBJECT CODE 

BYTES 

MACHINE 

CYCLES 

ADO 

A.RN 

OtIOInnn 

1 

1 

JOBF 

ADDRS 

86 XX 

2 

2 

ADD 

A.m 

OllOOOOr 

1 

1 

JTF 

ADDRu 

16 XX 

2 

2 

ADD 

A.#DATA 

03 MM 

2 

2 

JTO 

ADDR8 

36 XX 

2 

2 

AODC 

A.RN 

Ominnn 

1 

1 

JT1 

ADDR8 

56 XX 

2 

2 

ADDC 

A.@R 

OniOOOr 

1 

1 

JZ 

ADDR8 

C6 XX 

2 

2 

ADDC 

A.#DATA 

13 MM 

2 

2 

MOV 

A.# DATA 

23 MM 

2 

2 

ANL 

A.RN 

0101 Innn 

1 

1 

MOV 

A.PSW 

C7 

1 

1 

ANL 

A.it'fl 

OlOIOOOr 

1 

1 

MOV 

A.RN 

llllinnn 

1 

1 

ANL 

A.#DATA 

S3 MM 

2 

2 

MOV 

A.^*?R 

IlllOOOr 

1 

1 

ANL 

PORT.#DATA 

1001 lOpp 

2 

2 

MOV 

A.T 

42 

1 

1 



MM 



MOV 

PSW.A 

D7 

1 

1 

ANLO 

EP.A 

lOOIIIee 

1 

2 

MOV 

RN.A 

lOIOInnn 

1 

1 

CALL 

ADDR 

xxxIOlOO 

2 

2 

MOV 

RN.#DATA 

101 linn 

2 

2 



XX 





MM 



CLR 

A 

27 

1 

1 

MOV 

@R.A 

lOIOOOOr 

1 

1 

CLR 

C 

97 

1 

1 

MOV 

m#DATA 

lOIIOOOr 

2 

2 

CLR 

FI 

AS 

1 

1 



MM 



CLR 

FO 

8S 

1 

1 

MOV 

T.A 

62 

1 

1 

CPL 

A 

37 

1 

1 

MOVD 

A.EP 

00001 lee 

1 

2 

CPL 

C 

A7 

1 

1 

MOVD 

EP.A 

OOtlllee 

1 

2 

CPL 

FO 

gs 

1 

1 

MOVP 

A.®A 

A3 

1 

2 

CPL 

FI 

BS 

1 

1 

MOVP3 

A.®A 

E3 

1 

2_ 

dA 

A 

S7 

1 

1 

MOVX 

A.m 

lOOOOOOr 

1 

2 

DEC 

A 

07 

1 

1 

MOVX 

m.A 

lOOIOOOr 

1 

2 

DEC 

RN 

llOOInnn 

1 

1 

NOP 


00 

1 

1 

OIS 

1 

15 

1 

1 

ORL 

A.RN 

OlOOInnn 

1 

1 

DIS 

TCNTI 

35 

1 

1 

ORL 

A:m 

OlOOOOOr 

1 

1 

DJNZ 

, RN.ADDR8 

- IllOlnr 

2 

2 

ORL 

A. #DATA 

43 MM 

2 

2 



XX 



ORL 

PORT.#DATA 

lOOOIOpp 

2 

2 

EN 

1 

05 

1 

1 



MM 



EN 

TCNTI 

25 

1 

1 

ORLD 

EP.A 

lOOOIIee 

1 

2 

ENTO 

CLK 

75 

1 

1 

OUT 

DBB.A 

02 

1 

1 

IN 

A.PN 

OOOOlOqq 

1 

2 

OUTL 

BUS.A 

02 

1 

2 

IN 

A.DBB 

22 

1 

1 

OUTL 

PN.A 

OOmOqq 

1 

2 

INC 

A 

17 

1 

1 

RET 


83 • 

1 

2 

INC 

RN 

0001 Innn 


1 

RETR 


93 

1 

2 

INC 

'fH 

OOOIOOOr 


1 

RL 

A 

E7 

1 

1 

INS 

A.BUS 

03 


2 

RLC 

A 

F7 

1 

1 

JBb 

ADDR8 

bbblOOlO 

2 

2 

RR 

A 

77 

1 

1 



XX 



RRC 

A 

67 


l' 

JC 

ADDR8 

F6 XX 

2 

2 

SEL 

MBk 

IllkOIOI 

1 

1 

JFO 

ADDR8 

B6 XX 

2 

2 

SEL 

RBk 

llOkOIOI 

1 

1 

JF1 

ADDR8 

76 XX 

2 

2 

STOP 

TCNT 

65 

1 

1 

JMP 

ADDR 

xxxOOlOO 

2 

2 

STRT 

CNT 

45 

1 

1 



XX 



STRT 

T 

55 


1 

JMPP 

((4'A 

B3 

1 

2 

SWAP 

A 

47 

1 

1 

JNC 

ADOR8 

E6 XX 

2 

2 

XCH 

A.RN 

OOlOInnn 

1 


JNI 

ADOR8 

86 XX 

2 

2 

XCH 

A.m 

OOlOOOOr 

1 

1 

JNIBF 

ADDR8 

D6 XX 

2 

2 

XCHD 

A. « R 

OOllOOOr 

1 


JNTO 

A00R8 

26 XX 

2 

2 

XRL 

A.RN 

1101 Innn 


1 

JNT1 

ADDR8 

46 XX 

2 

2 

XRL 

A.«fl 

llOIOOOr 

1 

1 

JNZ 

ADDR8 

96 XX 

2 

2 

XRL 

A,# DATA 

D3 MM 

2 

2 


THE 8041 SLAVE MICROCOMPUTER 

This device is also referred to in Intel literature as a Universal Programmable Interface (UPl); it represents a sim- 
ple variation of the 8048 microcomputer. 

The 8741 is a slave variation of the 8748 microcomputer. 

This discussion of the 8041 and 8741 slave microcomputers explains differences as compared to the 8048 and 
8748; you should therefore read the following pages after reading the 8048 and 8748 descriptions. 
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AN 8041 FUNCTIONAL OVERVIEW 

The principal difference between the 8048 and the 8041 is the fact that the 8041 Data Bus and I/O Port 0 are 
used exclusively to communicate with a master microprocessor. The 8041 generates no external Address or 
Data Bus, so on-chip 8041 program memory and scratchpad data memory cannot be expanded. 

External interrupt logic, which is available on the 8048. is not available on an 8041 ; the 8041 uses this logic as 
a handshaking interrupt for data input from the master microprocessor. 

8048 and 8041 logic are compared functionally in Figure 6-15. 



rrupt request (8048) 
r chip select (8041) 
System reset 


PROM/Expander strobe 
CPU/Memory Separate 


External Crystal ^ 

Clock (8048 and 8041) and 
address latch (8048 only) 

Program memory enable output (8048) 
,or Address select input (8041) 

' Single Step 

Read strobe 

Write strobe 
Test input (8048 or 8041) 
Clock output (8048 only) 
Test or event counter input 


1024 X 8 Bits 
8048 or 
8041 = ROM 
8748 or 
8741 = EPROM 


Program Counter 
8048 = 12 bits 
8041 - 10 bits 


Arithmetic And 
Logic Unit, 
Control Unit 
and Instruction 
Register 


Program 
Status Word 


64 X 8 Bits 
RAM 


Accumulator 


ALE or SYNC 


Counter/ Timer 



Figure 6-15. A Comparison of 8048 and 8041 Functional Logic 
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Communications between an 8041 and a master microprocessor are very limited. Data must be transferred byte- 
by-byte under program control, with nearly all handshaking protocol being implemented via program logic. You must 
therefore define the protocol within the logic of your 8041 and master microprocessor programs. A rigid protocol is 
absolutely necessary, since the 8041 offers no protection against data transfer contentions. 

8041 DATA BUS LOGIC 

8041 Data Bus logic may be illustrated conceptually as follows: 



In reality, the Data Out buffer and the Data In buffer are a single piece of logic; however, operations occur (to 
some extent) as though there were two separate buffers. 

A master microprocessor will access an 8041 as two I/O ports or two memory locations. These locations are iden- 
tified via chip select (CS) and address (AO) input signals as follows; 

CS AO 

( Read from Data Out 
buffer 

Write to Data In buffer 
and reset 

Ft Buffer status to 0 
Read from Buffer 
Status register 
Write to Data In buffer 
and set 

FI Buffer status to 1 
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"Read" and "Write" above refer to master microprocessor operations. 

The 8041 accesses the Data Bus buffer register as I/O Port 0, The Status register is inaccessible to the 8041 as an 
addressable I/O port: however, there are specific 8041 instructions that access the FO and FI Buffer Status bits. 

The four Buffer Status register bits may be defined as follows: 

OBF is the output buffer full flag. This flag is automatically set to 1 when the 8041 outputs data 
to the Data Out buffer. When the master microprocessor reads the contents of the Data Out 
buffer, the OBF flag is reset to 0. 

IBF is the input buffer full flag. This flag is set to 1 when the master microprocessor writes data 
into the Data In buffer. This flag is reset to 0 when the 8041 subsequently reads data from the Data In buffer. 

FO is a general-purpose flag which can be set or reset by the 8041 . The master microprocessor can sample FO by read- 
ing Buffer Status register contents. 

FI is another general-purpose flag which can be modified by the 8041. FI is also set or reset to the level of AO 
whenever the master microprocessor writes data into the Data In buffer. The master microprocessor can sample FI by 
reading Buffer Status register contents. 

When the master microprocessor reads buffer status, flags appear on the Data Bus lines as follows: 


Undefined 


FI 
FO 
IBF 
OBF 

Whenever the 8041 outputs data to I/O Port 0, the data is stored in the Data Out buffer and the OBF status flag is set to 
1 : when the master microprocessor subsequently reads the contents of the Data Out buffer, the OBF flag is reset to 0. 

When the master microprocessor writes to the 8041, the data is loaded into the Data In buffer, the IBF status is set to 1 
and an interrupt request is generated within the 8041 : this interrupt request replaces the external interrupt logic of the 
8048, The IBF status is cleared when the 8041 subsequently reads the contents of the Data In buffer. 

The FO flag is set or reset by the 8041 using appropriate instructions. There is no predefined manner in which this flag 
is interpreted: your program logic can use this flag in any way. 

The FI flag is set to the level of the AO signal input whenever the master microprocessor writes a control byte into the 
Data In buffer. In reality, there is no difference between a control byte and a data byte: that is to say, there is no pre- 
defined way in which the 8041 will interpret the contents of the Data In buffer based on the FI flag level. 

The master microprocessor reads data which has been output by the 8041; the master microprocessor cannot read 
back data which it wrote to the 8041. 

The 8041 inputs from I/O Port 0 data that was written by the master microprocessor: the 8041 cannot read back data 
which it previously output to I/O Port 0. 

8041 I/O PORTS ONE AND TWO 

Physically, 8041 I/O Ports 1 and 2 have logic which is identical to the 8048. Thus the pseudo-bidirectional I/O port 
characteristics described for the 8048 I/O Ports 1 and 2 apply also to the 8041 I/O Ports 1 and 2. 

Note that the 8041 does not generate an external Address Bus, therefore I/O Port 2 pins P20 - P23 never output ad- 
dress information. 

8041 AND 8741 PROGRAMMABLE REGISTERS 

The 8041 and 8741 have a 1 0-bit Program Counter. The 8048 and 8748 have a 1 2-bit Program Counter. These are the 
only differences between the 8041 series and 8048 series programmable registers. 

8041 AND 8741 ADDRESSING MODES 

The 8041 and 8741 can address only on-chip memory. This includes the 1024 bytes of on-chip program memory and 
64 bytes of on-chip scratchpad data memory. 8041 and 8741 addressing modes are identical to the 8048 and 8748 
on-chip memory addressing modes. Of course, the 8048 and 8748 external memory addressing modes will not apply 
to the 8041 or the 8741. 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


8041 

BUFFER 

STATUS 

REGISTER 
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8041 AND 8741 STATUS 

The 8041 and 8741 slave microcomputers have two Status registers. First, there is the Buffer Status register, 
which is part of the Data Bus logic. We have already described this 4-bit Status register. The 8041 and 8741 
also have the 8-bit Program Status Word described for the 8048 series microcomputers. 8041 and 8048 Pro- 
gram Status Words are identical. 

8041 AND 8741 SLAVE MICROCOMPUTER OPERATING MODES 

The 8041 and 8741 can be operated in Internal Execution mode and Debug mode; in addition, the 8741 can be 
operated in Single Stepping mode. Programming mode and Verification mode. Neither the 8041 nor the 8741 
can be operated in External Memory Access mode. 

8041 AND 8741 PINS AND SIGNALS 

There are a few differences between 8041 and 8741 pins and signals, as compared to the 8048 and 8748. 
Figure 6-16 defines 8041 and 8741 pins and signals: the four changed signals are shaded. 



PIN NAME 

DBO - DB7 

P10- P17 

P20 - P27 

DESCRIPTION 

Bidirectional I/O port,. Data Bus and 
low-order eight Address Bus lines 

I/O Port 1 

I/O Port 2, P20 - P23 also serves as four 
high-order Address Bus lines 

TYPE , 

Bidirectional, tristate 

Quasibidirectional 

Quasibidirectional 

ISYNC 

External clock signal 

Output, 

RD 

Data memory read control 

Output 

Wr 

Data memory write control 

Output 

AO 

Address select 

Input 

CS 

Chip select 

Input 

EA 

External program memory access 

Input 


Single step control 

Input 

iiilBBIIilBiH 

Test input and 

Bidirectional 


Program/Verify mode select 


T1 

Test input, optional event counter input 

Input 

RESET 

System reset and EPROM address latch 

Input 

Vss 

Ground 



+ 5V 


Vqd 

+ 25V to program 8741. + 5V standby 



for 8041 RAM 


PROG 

+ 25V input to program 8741. Control 

Bidirectional 


output for 4-bit I/O 


XTAL1, XTAL2 

External crystal connections 



Figure 6-16. 8041 and 8741 Microcomputer Pins and Signals 
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^ and AO are the device select inputs which we have already described. 

SYNC is an external synchronizing signal which is output once per machine cycle. 

TO cannot be connected to the internal system clock: other uses of TO are the same for the 8041/8741 and the 
8048/8748. 

All other signals are identical to the 8048 and 8748 as previously described. Note, however, that no addresses are out- 
put on the DBO - DB7 pins or the P20 - P23 pins. 

8041 SERIES TIMING AND INSTRUCTION EXECUTION 

The 8041/8741 clock signals and instruction execution timing logic is identical to the 8048/8748. Of course, the 8041 
and 8741 have no external memory reference instructions, therefore timing associated with these instructions will not 
apply. 

8741 SINGLE STEPPING AND PROGRAMMING MODE 

Single Stepping and Programming modes of operation are avaiiable only with the 8741; the 8041 cannot be 
operated in these modes. 

There are, of necessity, some differences between 8741 and 8748 Single Stepping and Programming modes; 
this is because the 8741 has no ALE signal and no output Address Bus. 

In Single Stepping mode, the 8741 is stopped by applying a low SS input when SYNC is low. 

The 8741 responds by stopping during the next instruction fetch. At this time, SYNC is maintained high. The address 
of the next instruction to be accessed appears at I/O Port 1 and the low-order two bits of I/O Port 2, This condition is 
maintained until SS is input high again. Timing may be illustrated as follows: 

SYNC 

P10 - P17 
P20 - P21 

There are also some minor differences between 8741 and 8748 Programming modes. The ten-step 8741 pro- 
gramming sequence is therefore given below. Differences as compared to the 8748 are shaded. 

Step 1) Initially -f5V is input at Vqq, CS. TO and EA. RESET and AO are held at ground. Under these conditions you 
insert the 8741 into the programming socket. You must make certain to insert the 8741 correctly. If you 
insert the 8741 incorrectly you will destroy It. 

Step 2) TO is pulled to ground; this selects Programming mode. 

Step 3) -f25V is applied to EA. This activates Programming mode. 

Step 4) A 10-bit memory address is applied via DBO - DB7 and P20 - P21. Remember, there are 1024 bytes of pro- 
gram memory on the 8741 device. The low-order eight address bits are input via DBO - DB7 while the two 
high-order address bits are input via P20 and P21. 

Step 5) +5V is applied at RESET. This latches the address. 

Step 6) The data to be written into the addressed programmed memory byte is input at DBO - DB7. 

Step 7) In order to write the data into the addressed program memory byte apply -I-25V to Vqq, then ground PROG, 
then apply a -f25V pulse at PROG; the -I-25V pulse at PROG must last at least 50 milliseconds. 

Step 8) Now reduce N/qd to -I-5V. Programming is complete and verification is about to begin. 

Step 9) In order to verify the data just written, apply -I-5V to the TO input. This selects Verify mode. 

Step 10) As soon as Verify mode has been selected, the data just written is output on DBO - DB7. You must read and 
verify this data using appropriate external circuitry. Verification is now complete. 
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8041 INPUT/OUTPUT PROGRAMMING 

The only differences between 8041/8741 and 8048/8748 input/output programming are those which result 
from the unique 8041 I/O Port 0 logic — which we have described. 

8041 COUNTER/TIMER OPERATIONS 

8041 series and 8048 series counter/timer operations are identical. 

8041 INTERRUPT LOGIC 

The entire external interrupt logic of the 8048 has been converted in the 8041/8741 Data Bus handshaking in- 
terrupt logic. This interrupt request occurs every time a master microprocessor writes to either of the 
8041/8741 addressable locations. 

In order to generate external interrupt logic at an 8041 or 8741 you must use the counter/timer. By loading the 
counter/timer with an initial value of FF-] 5 and operating the counter/timer in Counter mode, the first high-to-low input 
transition on Jl will generate a Timer interrupt request. Of course, i| you are using the counter/timer in this way, you 
cannot use it for any of its normal functions. ' ; 


PROGRAMMING 8048-8041 DATA TRANSFERS 

The only complexity associated with programming an 8041 involves data transfers between the 8041 and a 
master microcomputer. Programming these data transfers is not straightforward. 

We described earlier how there are separate data paths for data entering or leaving the 8041 via the Data Bus buffer. 
Nevertheless, if a master - microcomputer attempts to wnte to the 8041/8741 while the 8041/8741 is 
simultaneously outputting to I/O Port 0, then there will be an undefined result. This is unfortunate, since there are 
no signals or indicators of any kind allowing the master microcomputer to lock out the 8041/8741; nor can the 
8041/8741 lock out the master microcomputer. Lock out logic rriust be implemented by you. via your program 
logic. Program logic must also make sure that data written by master microcomputer has been read by the 
8041/8741 before the master microcomputer writes any new data: similarly, the 8041/8741 must make sure that any 
data it has output to I/O Port 0 has been read by the master microcomputer before the 8041/8741 attempts to output 
new data to I/O Port 0. 

Let us look at the programming steps required for error free data transfers between the 8041/8741 and a 
master microcomputer. Programming examples assume an 8048 is the master microprocessor because the 8048 is 
described in this chapter and has an instruction set that is similar to the 8041. In reality, the master microprocessor is 
likely to be an 8085-type device. 


The master microcomputer can make sure that it does not overwrite data by testing both the IBF and the OBF flags; 
that is to say, the master microcomputer will . not attempt to write data to the 8041/8741 if prior data it wrote is waiting 
to be read by the 8041/8741, or if data output by the 8041/8741 is waiting to be read by the master microcomputer. 
The following master microcomputer output instruction sequence will suffice: 


MOV 

0,ADDR-f1 

MOVX 

A,@0 

RRC 

A 

JC 

NEXT 

RRC 

A 

JC 

READ 

DEC 

0 


:LOAD 8041 ADDRESS INTO 8048 REGISTER RO 


LOAD STATUS 

TEST LOW ORDER (OBF) FLAG 

IF IT IS 1, DO NOT WRITE NEW DATA 

TEST NEXT BIT (IBF) FLAG 

IF IT IS 1, DATA IS WAITING TO BE READ 

OK TO OUTPUT 
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But this scheme does not prevent the master microcomputer and the 8041/8741 from simultaneously accessing the 
Data Bus buffer. This must be guaranteed by 8041/8741 lock out logic. The 8041/8741 can use programming logic or 
interrupt logic to lock out the master microcomputer. Using programming logic, the 8041/8741 will use the FO flag to 
identify those time intervals when the master microcomputer is free to access the Data Bus buffer. Now any 8048 
master microcomputer instruction sequence that accesses the 8041/8741 will first read 8041/8741 status and test the 
FO flag. If this flag is "false", no data transfer must occur. Continuing our master microprocessor instruction sequence, 
this may be illustrated as follows: 

MOV O.ADDR+1 ;LOAD 8041 ADDRESS INTO 8048 REGISTER RO 


TEST 

MOVX 

A,@0 


RRC 

A 


JC 

NEXT 


RRC 

A 


JC 

READ 


RRC 

A 


JNC 

TEST 


DEC 

0 


MOV 

A.@1 


MOVX 

@0,A 


' JMP 

OUT 

READ 

RRC 

A 


JNC 

TEST 


DEC 

0 


MOVX 

A.@0 


MOV 

@1.A 


JMP 

OUT 


LOAD STATUS 

TEST LOW ORDER (OBF) FLAG 

IF IT IS 1. DO NOT WRITE NEW DATA 

TEST NEXT BIT (IBF) FLAG , 

IF IT IS 1, DATA IS WAITING TO BE READ 
TEST FO FLAG 

IF FO IS 0, MASTER IS LOCKED OUT 
FO IS 1 SO IT IS OK TO OUTPUT DATA 
LOAD DATA TO BE OUTPUT INTO ACCUMULATOR 
OUTPUT DATA TO 8041 

TEST FO FLAG 

IF FO IS 0, MASTER IS LOCKED OUT 
FO IS 1 SO IT IS OK TO READ DATA 
INPUT DATA 
STORE IN SCRATCHPAD 


The instructions above assume that scratchpad register R1 addresses the scratchpad byte out of which written data is 
fetched, or into which read data is stored. 


If there is heavy traffic between an 8041/8741 and a master microcomputer, then the 8041/8741 should use interrupt 
logic to identify times when a master microcomputer can either output data to the 8041/8741 or input data from the 
8041/8741. To do this, one or two 8041/8741 I/O port pins must be set aside as interrupt request generation lines. 
Now the master microcomputer will not access the 8041/8741 except within an interrupt service routine which is initi- 
ated by an interrupt request arising from one of the two dedicated 8041/8741 I/O port pins. 


Data transfers from the 8041/8741 to the master microcomputer are easy to program. When the 8041/8741 writes to 
I/O Port 0, the OBF flag is set to 1 ; this flag is reset to 0 when a master microcomputer reads data. Thus, the 8041/8741 
simply tests the OBF status before outputting data; here are appropriate instructions: 


CLR FO 

JOBF NEXT 
OUT DBB,A 

CPL FO 


ZERO FO TO LOCK OUT THE MASTER MICROPROCESSOR 
TEST OBF FLAG 

IF IT IS ZERO, OUTPUT NEXT DATA BYTE 

SET FO TO ALLOW MASTER MICROPROCESSOR ACCESS 


NEXT 



Q 

lU 

H 

< 

DC 

o 

a. 

c 

o 

u 

z 


© 


The 8041/8741 can respond to data arriving from the master microcomputer by using polling logic or interrupt logic. If 
polling logic is used, then the 8041/8741 must test the IBF flag before reading any data that the master microcomputer 
has output. In order to determine whether the master microprocessor has output data or a control code, the 8041/8741 
must also check the FI flag. Here is an appropriate instruction sequence: 


CONT 


CLR FO 

JNIBF I^EXT 
JF1 CONT 

IN A,DBB 

CPL FO 


IN A,DBB 

CPL FO 


ZERO FO TO LOCK OUT THE MASTER MICROPROCESSOR 

TEST FOR DATA WAITING TO BE READ 

DATA IS READY TO BE READ. TEST 

FOR DATA BYTE OR CONTROL BYTE 

READ DATA 

SET FO TO ALLOW MASTER MICROPROCESSOR ACCESS 


;READ CONTROL CODE 

;SET FO TO ALLOW MASTER MICROPROCESSOR ACCESS 


NEXT 

If 8041/8741 data input logic is interrupt driven, then external interrupts must be left enabled. Now as soon as the 
master microcomputer outputs data to the 8041/8741, an interrupt request will occur, followed by a Call 3 instruction 
being executed. Beginning at pnemory location 3, the following instruction sequence will initiate the data input inter- 
rupt service routine within the 8041/8741 : ' 



OPG 

3 



J'MP 

DTIN 

;JUMP TO DATA INPUT ROUTINE 

DTIN 

CLR 

FO 

;ZERO FO TO LOCK OUT MASTER MICROPROCESSOR 


JF1 

CONT 

;TEST FOR DATA TYPE 


IN 

A,DBB 

;READ DATA 

CONT 

IN 

A,DBB 

;READ, CONTROL CODE 


CPL 

RET 

FO 

;SET FO TO ALLOW MASTER MICROPROCESSOR ACCESS 
iRETURN FROM INTERRUPT SERVICE ROUTINE 


The master microprocessor must not write to the 8041/8741 while data that the 8041/8741 has output is waiting to be 
read; similarly, the 8041/8741 carinot output data |o the master microprocessor while data from the master 
microprocessor is wgiting to be read by the 8041/8741. In each case, prior data will be overwritten and lost. In order to 
prevent this from happening, you must have appropriate lock out logic. FO is used fop thjs purposp above. 


THE 8041/8741 INSTRUCTION SET 

; * ■ ■ ^ 1 

The 8041/8741 instruction set differs from the 8048/8748 in minor ways only. Tables 6-2 and ^-3 therefore 
summarize the instruction set for both the 8048 series and 8041 series microcornputers^ 
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Figure 6-17. A Comparison of 8048 and 8021 Functional Logic 
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THE 8021 SINGLE-CHIP MICROCOMPUTER 

The 8021 is a low-cost subset of the 8048i single-chip microcomputer. Unlike the 8041, the 8021 is hot 
designed to operate as a slave microcomputer. The 8021 is intended for high-volunie, low-cost applications 
with limited microcomputer logic requirements. The only easy way in which an 8021 can be expanded is by adding 
an 8243 Input/Output Expander. There is no simple way to increase either 8021 program memory or data memory, over 
and above that which is internal to the 8021. 

This discussion of the 8021 single-chip microcomputer explains differences as compared to the 8048 and 8748; 
you should therefore read the following pages after reading the 8048 and 8748 descriptions. 

AN 8021 FUNCTIONAL OVERVIEW 

The principal difference between the 8048 and the 8021 is the fact that the 8021 has no Data Bus, and I/O Port 
0 is simply another I/O port. Thus, the only way in which an 8021 can communicate with logic beyond the chip itself 
is via its I/O ports, which have no accompanying handshaking control signals. In contrast, the 8041 has I/O Port 0 logic 
designed for two-way communication between the 8041 and a master microprocessor. The 8021 cannot distinguish 
between a master microprocessor or any other external logic. 

The 8021 has no external interrupt logic and only one Test input. 

Only two control signals are output by the 8021: a synchronizing "clock signal and an 8243 Input/Output Expander 
control strobe. 

With these reduced capabilities, the 8021 is packaged hs a 28-pin DIP. in contrast to other members of the 8048 
series, which are packaged as 40-pin DIPS. 

The 8021 can be driven by a crystal oscillator with a maximum 3 MHz frequency. This is half the maxirnum fre- 
quency of the 8048 and 8041, but equivalent to the maximum frequency of the -8 parts. This 3 MHz crystal generates 
10-microsecond machine cycles. Thus, all 8021 instructions execute in either 10 or 20 microseconds. 

Functionally, 8048 and 8021 logic are compared in Figure 6-17. 8021 pins and signals are illustrated in Figure 
6-18. 

8021 I/O PORT PINS 

8021 I/O port pitis are referred to as quasi-bidirectibnal, a term we a|so use to describe 8048 I/O port pins. 8048 
and 8021 I/O port pin logic is identical. 

THE T1 PIN 

When you order an 8021 microcomputer, you can specify one of two configurations for the T1 pin. Electrically, 
these may be illustrated as follows: 


Option A (Zero cross-over sensing) 


CPU 


— 0 ^— 0 ^ 


Pin 

13 


U<i-J 


Option B (Pull-up resistor) 


l0W|< 

resistance,! 


Capacitor 

Hh" CPU — 0<J-0<J-4 


Pin 

13 


External 

logic 




Switch 


-o^ 




External 

logic 


Option A allows you to detect the zero cross-over point on slow-moving input signals. Option B, with the pull-up, is 
designed to sense fast changes such as contact switches. 
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PIN NAME 


DESCRIPTION 


TYPE 


POO - P07 
P10 - P17 
P20 - P23 
ALE 
PSEN 
T1 

RESET 

XTAL1, XTAL2 

Vss 

Vcc 


I/O Port 0 

Quasibidirectional 

I/O Port 1 

Quasibidirectional 

I/O Port 2 , 

Quasibidirectional 

clock ^signal 

Output 

8243 Control 

Output 

Test input, optional 
event counter 

Input 

System reset 

External crystal connections 
Ground 

Power 

Input 



Figure 6-18. 8021 Microcomputer Pins and Signals 


THE 8021 RESET INPUT 

When the 8021 is reset, the same internal operations occur as described for the 8048; the Program Counter and 
Program Status Word are cleared and 1 is output to I/O port pins. However, 8021 reset iogic has been modified so 
that the 8021 can operate with noisy power supplies. You have one of two options, which may be illustrated as 
follows: 

Option A (Reset when power falls below 1.5V) Option B (Operate as long as power will drive chip) 



In the case of Option A, you connect the diode between reset and ground to force a reset whenever power drops below 
1.5V. Thus, operations will stop while power falls below 1.5V, but when normal power returns operations will restart. 
Since chip operations continue only as long as power remains high enough to maintain the contents of chip read/write 
locations, this circuit guards against execution with faulty data. By removing the diode, as illustrated in Option B, this 
reset feature is eliminated ahd the 8021 will operate as long as power is sufficient to drive logic internal to the chip. 
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THE 8021 CLOCK INPUTS 

A crystal Resistor/Capacitor or inductor circuit can be connected to the XTL1 and XTL2 pins to provide the 
needed internal clock signal. The maximum external crystal frequency allowed is 3 MHz. This generates 10-microse- 
cond machine cycles. All instructions execute in 1 or 2 machine cycles. 

THE 8021 TIMER/COUNTER 

Logic associated vt/ith the 8021 timer/counter is identical to that which we have described for the 8048. The 

contents of the Accumulator can be moved to the Counter/Timer register, which is subsequently incremented once ev- 
ery 32 crystal oscillations in Timer mode, or once every high-to-low transition of a T1 input in Counter mode. However, 
there is no interrupt logic on the 8021, which means that a time-out will not cause an interrupt request to occur. You 
must therefore test for a time-out under program control using the JTF (Branch-on-Timer Flag) instruction. 

8021 SCRATCHPAD MEMORY AND PROGRAMMING 

In addition to the lack of interrupt logic, the 8021 has no Status register and data memory is simplified. 

Instead of having a Status register, the 8021 has a 3-bit Stack Pointer and a single Carry status flag. 

Data memory consists of eight general purpose registers in scratchpad bytes 0-7, plus a 16-byte Stack which uses 
scratchpad bytes 8-1 7i 6- This stack allows subroutines to be nested to a level of 8. The 8021 does not have the second 
set of eight registers located in scratchpad bytes I810 - IFis- as is available on the 8048 and the 8041. 

The 8021 instruction set is a subset of the 8048 instruction set. In Table 6-1, 8021 instructions are identified. 


THE 8243 INPUT/OUTPUT EXPANDER 

This support device expands I/O Port 2 of an 8041 or 8048 series microcomputer to four individually addressable 4-bit 
I/O ports. The 8243 Input/Output Expander is particularly useful in numerical applications where data is transferred in 
4-bit nibbles. 

Figure 6-19 illustrates that part of our general microcomputer system logic which has been implemented on the 8243 
Input/Output Expander. 

The 8243 Input/Output Expander is packaged as a 24-pin DIP. It uses a single -F5V power supply. All inputs and out- 
puts are TTL-compatible. The device is implemented using N-channel MOS technology. 

8243 INPUT/OUTPUT EXPANDER PINS AND SIGNALS 

The 8243 Input/Output Expander pins and signals are illustrated in Figure 6-20. Functional internal architecture is il- 
lustrated in Figure 6-21. 

P20 - P23 represent the 4-bit bidirectional I/O port or bus connection between the 8243 Input/Output Expander and 
the 8048 series microcomputer. P20 - P23 must be connected to the low-order four pins of the microcomputer I/O Port 
2. Figure 6-22 illustrates the 8243-8048 interface. 

P40 - P43, P50 - P53, P60 - P63 and P70 - P73 provide four bidirectional I/O ports, referred to as Ports 4, 5, 6 and 

7, respectively. These are 4-bit ports via which data is transferred to or from external logic. 

Data being output via one of these four ports is latched and held in a low impedance state. 

Data input is buffered. During a read operation 8243 I/O port pins are sampled — while the read is being executed; 
then I/O port pins are floated. 

CS is the single chip select signal for the 8243 device. CS must be low for the device to be selected. There is no 
specifically defined manner in which CS has to be created; in Figure 6-22 it is shown being decoded off the four high- 
order pins of I/O Port 2. 

PROG is the single control strobe output by the 8048 series microcomputer to time 8243 events. On the falling 
edge of PROG, data input via P20 - P23 is decoded as an I/O port select and operation specification. Resulting 8243 
operations are strobed by the rising edge of PROG. 

There is no Reset input to the 8243. The device is reset when power is first applied, or when |8243 RESET | 

power input at the Vqq pin drops below -FI volt. Following Reset, Port 2 is in Input mode while 

Ports 4, 5, 6 and 7 are floated. The 8243 device will exit the Reset mode on the first high-to-low transition of PROG. 
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Figure 6-19. Logic of the 8243 Input/Output Expander 
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( + 5V) 


PIN NAME 

DESCRIPTION 

TYPE 

P20 - P23 

Bidirectional I/O Port to CPU 

Bidirectional, tristate 

P40 - P43 

I/O Port 4 

Bidirectional, tristate 

P50 - P54 

I/O Port 5 

Bidirectional, tristate 

P60 - P64 

I/O Port 6 

Bidirectional, tristate 

P70 - P74 

I/O Port 7 

Bidirectional, tristate 

PROG 

Address/Data Strobe 

Input 

CS 

Chip Select 

Input 

Vcc. GND 

Power, Ground 



Figure 6-20. 8243 Input/Output Expander Pins and Signals 


8243 INPUT/OUTPUT EXPANDER OPERATIONS 

8048 and 8041 series microcomputers have four instructions designed specifically to access an 8243 In- 
put/Output Expander. These instructions are; 

MOVD PN.A 
MOVD A.PN 
ORLD PN.A 
ANLD PN.A 

These are the operations performed: 

1) You can output the low-order four Accumulator bits to I/O Expander Port 4. 5. 6 or 7. Following a write opera- 
tion the four port lines are held in a low impedance state. External logic does not receive any type of "data ready" 
signal after data has been output; however, as illustrated in Figure 6-22. you can easily create such a signal by 
combining PROG and device select logic. 

2) You can input data from Port 4, 5, 6 or 7 of the 8243 device to the four low-order Accumulator bits. Again Figure 
6-22 shows how you can create a strobe signal which tells external logic when to apply data to an I/O port of the 
8243 device. 

3) You can output data from the low-order four Accumulator bits to one of the four 8243 device ports, but instead of 
simply writing to the port, you can AND or OR with data already in the port output latch. That is to say. you per- 
form a Boolean operation between the four low-order Accumulator bits and the data most recently output to the 
8243 port. 

You cannot perform a Boolean operation between the low-order four Accumulator bits and data input to an 
8243 port; the input data is buffered, not latched. You must read the input data to the Accumulator and mask it there. 

8243 device Ports 4, 5, 6 and 7 have been designed to operate continuously as input ports or output ports. If 
you switch a port from input to output, or from output to input, then the first 4-bit data unit written or read will 
be erroneous and should be discarded. 
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Figure 6-21. Functional Diagram of the 8243 Input/Output Expander 
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Figure 6-22. An 8243/8048 Configuration with External Logic Read and Write Strobes 


6-57 







Figure 6-23. Timing for Data Output to an 8243 Port Via 
an MOVD, ORLD or ANLD Instruction 



Timing for 8243 port accesses is illustrated in Figures 6-23 and 6-24. 


In each case an instruction is output via P20 - P23 of the 8048 microcomputer on the high-to-low transition of 


PROG. The instruction is decoded as follows: 

P20 P21 8243 Port Selected P22 

P23 

Function Defined 

0 

0 

Port 4 

0 

0 

Read from Port 

0 

1 

Port 5 

0 

1 

Write to Port 

1 

0 

Port 6 

1 

0 

OR with Port 

1 

1 

Port 7 

1 

1 

AND with Port 


The actual I/O operation within the 8243 device is strobed by the subsequent low-to-high transition of PROG. 

Observe that external logic must transmit data to an 8243 I/O port on the high-to-low transition of PROG. External logic 
must read data output after the low-to-high transition of PROG. These signals to external logic are shown in Figure 
6-22. Let us take a more careful look at this figure. 

The 8243 device sele^ CS is derived in some fashion from the four high-order lines of the 8048 I/O Port 2. The manner 
in which we decode CS from these four lines is not relevant; however, the fact that we are generating CS in this fashion 
means that any 8243 access instruction must be bracketed by instructions that select and then deselect the 8243 
device. 

It is not a good idea to leave the 8243 device selected when you are not accessing it; therefore do not leave high-order 
bits of I/O Port 2 in a condition that would select the 8243 device while the device is supposed to be idle. 
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The PROG signal connecting the 8048 to the 8243 requires no explanation. The signal is output by the 8048 with tim- 
ing required by the 8243. 

The READ and WRitE strobes created in Figure 6-22 identify the time at which external logic must either read data 
from an I/O port, or write data to an I/O port; however, the I/O port is not itself identified. The READ and WRITE strobes 
would have to be qualified by P20 and P21 on the high-to-low transition of PROG in order to create READ and WRITE 
strobes specific to any given I/O port. Here, for example, is the logic which would make READ and WRITE specific to I/O 
Port 5: 



READ 5 


WRITE 5 


Referring to the timing in Figure 6-22, let us first look at the READ strobe. This signal must go true on the high-to-low 
transition of PROG — but only if P22 and P23 are both low. READ can stay high until the device is deselected, provid- 
ing external logic uses the low-to-high transition of READ or timing immediately thereafter, in order to place data at the 
required I/O port — whence it can be read by the 8048. We obtained the required waveform by using the complement 
of CS as a CLEAR input to the READ 7474 flip-flop. Thus while the 8243 device is not selected READ will be low. The 
® NOR of P22 and P23 becomes the D input to the READ flip-flop; this input will be hig h only when P22 and P23 are both 
low — arid that specifies a Read operation. On the high-to-low transition of PROG, PROG goes low-to-high, and that 
clocks the READ flip-flop Q output high. READ subsequently stays high until CS goes high again, at which point the 
READ flip-flop is cleared and READ goes low. 

A 74107 master-slave flip-flop creates the WRITE pulse. The high-to-low transition of PROG marks the instant at which 
P22 and P23 must be decoded to determine that a non-read operation is in progress, but the actual low-to-high transi- 
tion WRITE must not occur until the subsequent low-to-high transition of PROG. 

The 74107 modifies the 01 output on the trailing edge of CLK, based on the JK inputs at the leading edge of CLK; thus 
WRITE logic requirements are met. 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 
8048/8748/8035 ) 

8049/8039 > One-Chip Microcomputers 

8041/8021 ' 

8243 I/O Expander 
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8048/8748/8035 

ABSOLUTE MAXIMUM RATINGS^ 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 


D.C. AND operating CHARACTERISTICS = 0 °c to 70°c, Vgc = VpD = +5V ±io%*, Vss= ov 


Symbol 

Parameter 

Limits 1 

Unit 

Test Conditions 

Min. 

Typ. 1 

Max. 

V,L 

Inpilt Low Voltage 

(All Exfcept XTAL1, XTAL2) 

-.5 

■ 

.8 

V 


ViH 

Input High Voltage 

(All Except XTAL1,XTAL2,RESET) 

2.0 

■ 

Vcc 

V 


^IHI 

Input High Voltage (RESET.XTALI) 

3.0 


^CC 

V 


_i 

O 

> 

Output Low Voltage 
(BUS, RD, WR, PSEN, ALE) 


■ 

.45 

V 

IpL = 2.0mA 

'“'OLI 

Output Low Voltage 

(All Other Outputs Except PROG) 


■ 



IpL “ 1-6mA 

V0L2 

Output Low Voltage (PROG) 



.45 

V 

Iql “ 1.0mA 

< 

0 

1 

Output High Voltage 
(BUS, RD, WR, PSEN, ALE) 

2.4 

■ 


V 

1 OH = IOOmA 

^OHI 

Output High Voltage 
(All Other Outputs) 

2.4 

■ 


V 

loH = 50 mA 

'IL 

input Leakage Current 
(T1, EA, il^) 

j 

■ 


MA 

Vss<V|N<Vcc 

•oL 

Output Leakage Current (BUS, TO) 
(High Impedance State) 



-10 

pA 

Vcc^lN^Vss +.45 

’OD 

Vqd Supply Current 


10 

20 

mA 


>00+ icc 

Total Supply Current 


65 

135 

mA 



A.C. CHARACTERISTICS T^ = o^c to 70°c, Vcc= = +5V ±io%*, Vss= ov 


Symbol 

Parameter 

8048/8748 
8035/8035 L 

8748-8 

8035-8 

Unit 

Conditions (Note 1) 

imiQsi 

Max. 



tLL 

ALE Pulse Width 

400 


600 


ns 


^AL 

Address Setup to ALE 

150 


150 


ns 


tLA 

Address Hold from ALE 

80 


80 


ns 


tcc 

Control Pulse Width (PSEN, WR) 

900 


1500 


ris 


tow 

Data Setup before WR 

500 


640 


ns 


two 

Data Hold After WR 

120 


120 


hs 

Cl = 20pF 

tcY . 

Cycle Time 

2.5 

15.0 

4.17 

15.0 


6 MHz XTAL 
(3.6MHz XTAL for -8) 

tpR 

Data Hold 

0 

200 

0 

200 

ns 


tRD 

PSEN, RD to Data In 


500 


750 

ns 


tAW 

Address Setup to WR 

230 


260 


ns ' 


tAD 

Address Setup to Data In 


950 


1450 

ns 


. ^AFC 

Address Float to RD, PSEN 

0 


0 


ns 



‘Standard 8748 and 8035 ±5%, ±10% available. Notel; Control Outputs; Cl = 80 pF 

BUS Outputs: Cl=150pF, t^y ~ 25 ms 

Data sheets on pages 6-D2 through 6-D14 are reprinted by permission of Intel Corporation, Copyright 1978. 


•COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections ol this 
specification is not implied. 
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8048/8748/8035 

A.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = 5V±10% 


Test Conditions 














































8048/8748/8035 

WAVEFORMS 


Instruction Fetch From External Program Memory 



Read From External Data Memory 



|-* ’cc 



h"'ccH 



WARNING: 

An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this ciock may 
be used to disable the programmer. 
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8048/8748/8035 




Programming Options 

The 8748 EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP-101 or UPP-102) 
peripheral of the Intellec® Development System with a 
UPP-848 Personality Card. 


8748 Erasure Characteristics 

The erasure characteristics of the 8748 are such that 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). 
It should be noted that sunlight and certain types of floure- 
scent lamps have wavelengths in the 3000-4000A range. 


Data show that constant exposure to room level floure- 
scent lighting could erase the typical 8748 in approx- 
mately 3 years while it would take approximately 1 week 
to cause erasure when exposed to direct sunlight. If the 
8748 is to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels are available 
from Intel which should be placed over the 8748 window 
to prevent unintentional erasure. 

The recommended erasure procedure for the 8748 is expo- 
sure to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity X exposure time) for erasure should be a mini- 
mum of IBW-sec/cm^ . The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultraviolet lamp 
with a 12000fiW/cm2 power rating. The 8748 should be 
placed within one inch from the lamp tubes during erasure. 
Some lamps have a filter on their tubes and this filter 
should be removed before erasure. 


WAVEFORMS 

Combination ProgramA/erify Mode (EPROM's Only) 




08o~DB7 


/ ADDRESS V DATA OUT \ f 

f (0-7) VALID A VALID 7" — — c 


NEXT 

ADDRESS 


X 


NEXT DATA 
OUT VALID 



P 20 -P 1 



ADDRESS (8-9) VALID 


X 


NEXT ADDRESS VALID 


NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (i.e., F 25V), OR IF TO - 5V FOR THE 8741. 

FOR THE 8041 PROG MUST ALWAYS FLOAT. 

2- Veah for 8041 - 11.4V min., 12.6V max. 


THE FOLLOWING CONDITIONS MUST BE MET; 

C5- TTL 'V 
AO - TTL 'O' 

THIS CAN BE DONE USING 10K RESISTORS TO Vcc, Vss RESPECTIVELY. 
Xi AND Xj DRIVEN BY 3 MHe CLOCK WILL GIVE 5 wsec tcv. THIS IS GOOD 
FOR -8 PARTS AS WELL AS NON -8 PARTS. 
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8048/8748/8035 


AC TIMING SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ± S^C, Vcc = 5V ± 5%, Vdd = 25V ± IV 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Conditions 

tAW 

Address Setup Time to RESET t 

4tcy 




tWA 

Address Hold Time After RESET t 

4tcy 




tow 

Data in Setup Time to PROG 1 

4tcy 




two 

Data in Hold Time After PROG 1 

4tcy 




tPH 

RESET Hold Time to Verify 

4tcy 




tVDDW 

Vdd 

4tcy 




tVDDH 

Vdd Hold Time After PROG 1 1 

0 




tPW 

Program Pulse Width 

50 

60 

MS 


tTW 

Test 0 Setup Time for Program Mode 

4tcy 




tWT 

Test 0 Hold Time After Program Mode 

4tcy 




too 

Test ti to Data Out Delay 


4tcy 



tww 

RESET Pulse Width to Latch Address 

4tcy 




tr. tf 

Vdd and PROG Rise and Fall Times 

0.5 

2.0 

fxS 


tCY 

CPU Operation Cycle Time 

5.0 


MS 


tRE 

RESET Setup Time Before EA t 

4tcy 





Note; If Test 0 is high too can be triggered by RESET t. 


DC SPECIFICATION FOR PROGRAMMING 

Ta = 25“ C ± 5“C, Vcc = 5V ± 5%, Vdd = 25V ± iv 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Conditions 

Vdoh 

Vdd Program Voltage High Level 

24.0 

26.0 

V 


Vddl 

Vdd Voltage Low Level 

4.75 

5.25 

V 


VpH 

PROG Program Voltage High Level 

21.5 

24.5 

V 


VPL 

PROG Voltage Low Level 


0.2 

V 


Veah 

EA Program or Verify Voltage High Level 

21.5 

24.5 

V 


Veal 

EA Voltage Low Level 


5.25 

V 


Idd 

Vdd High Voltage Supply Current 


30.0 

mA 


IPROG 

PROG High Voltage Supply Current 


16.0 

mA 


Iea 

EA High Voltage Supply Current 


1.0 

mA 
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8049/8039 


ABSOLUTE MAXIMUM RATINGS^ 


Ambient Temperature Under Bias 0®Cto70®C 

StorageTemperature -GS^Cto+ISO'C 

Voltage on Any Pin With 

Respect to Ground -0.5Vto+7V 

Power Dissipation 1.5 Watt 


‘COMMENT: Stresses above those listed undet '‘Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS Ta = o°cto 70° c, Vcc = Vqd = +5V ±io%, Vss = ov 


Symbol 

Parameter 

Limits 

1 

Unit 

Test Conditions 

Min. 

Typ. 

Max. 

VlL 

Input Low Voltage 

(All Except XTAL1, XTAL2) 

-0.5 


0.8 

V 


V|H 

Input High Voltage 

(All Except XTALl, XTAL2, RESET) 

2.0 


Vcc 

V 


V|H1 

Input High Voltage (RESET, XTALl) 

3.0 


Vcc 

V 


VoL 

Output Low Voltage 
(BUS, WR, P^, ALE) 



0.45 

V 

Iql ~ 2.0mA 

Vqli 

Output Low Voltage 

(All Other Outputs Except PROG) 



0.45 

V 

Iql “ 1 .6mA 

Vqh 

Output High Voltage 
(BUS, WR, PSEN, ALE) 

2.4 



V 

Iqh = lOO^iA 

Vqhi 

Output High Voltage 
(All Other Outputs) 

2.4 



V 

Iqh = 50/tA 

l|L 

Input Leakage Current 
(T1, EA, INT) 



±10 

pA 

Vss^V|N<Vcc ■ 

•OL 

Output Leakage Current (Bus, TO) 

(High Impedance State) 



-10 

pA 

Vcc^V|N>Vss +0.45 

Idd 

Power Down Supply Current 


20 

50 

mA 

Ta = 25° C 

•dd+Icc 

Total Supi)ly Current 


75 

140 

mA 

Ta = 25°C 


A.C. CHARACTERISTICS Ta = o°c to 70'’c, Vcc = Vdd = +5V ±io%, Vss = ov 


Symbol 

Parameter 

8049/8039 

Unit 

Conditions 

Min. 

Max. 

tLL 

ALE Pulse Width 

400 


ns 


'al 

Address Setup to ALE 

150 


ns 


tLA 

Address Hold from ALE 

80 


ns 


tcc 

Control Pulse Width (PSEN, WR) 

900 


ns 


tow 

Data Set-Up Before WR 

500 


ns 


two 

Data Hold After WR 

120 


ns 

Cl = 20 pF 

tCY 

Cycle Time 

2.5 

15.0 

MS 

6 MHz XTAL 

tDR 

Data Hold 

0 

200 

ns 


tRD 

PSEN, RD to Data In 


500 

ns 


^AW 

Address Setup to WR 

230 


ns 


tAD 

Address Setup to Data In 


950 

ns 


*AFC 

Address Float to RD, PSEN 

0 


ns 



A.C. TEST CONDITIONS Control Outputs: Cl = 80 pF BUS Outputs: Cl=150pF tcv “ 2.5/js 
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8049/8039 

WAVEFORMS 

Instruction Fetch From External Program Memory 

*CY 


ALE 

PSEN 

BUS 

Read From External Data Memory 
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8041/8741 


ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0'’Cto70°C 

StorageTemperature -eS^Cto +150°C 

Voltage on Any Pin With 

Respect to Ground 0.5Vto+7V 

Power Dissipation 1.5 Watt 

D.C. AND OPERATING CHARACTERISTICS 

Ta = 0*C to 70*C, Vcc = Vdd = +5V ±5%, Vss = OV 




Limits 



Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

ViL 

Input Low VoltagelAII 

Except Xi, X 2 ) 

-0,5 

■ 

0.8 

V 


ViH 

Input High Voltage (All 

Except Xi, X 2 RESET) 

2.0 

■ 

Vcc 

V 


V|H2 

Input High Voltage (Xi, 

RESET) 

3.0 


Vcc 

V 


VoL 

Output Low Voltage (Do-Dz, 

Sync) 


■ 

0.45 

V 

lOL = 2.0 mA 

VOL2 

Output Low Voltage (All 

Other Outputs Except Prog) 



0.45 

V 

lOL = 1 .6 mA 

VOH 

Output High Voltage (D 0 -D 7 ) 

mm 



V 

Iqh “ -400 pA 

VOHI 

Output High Voltage (All 

Other Outputs) 

2.4 

■ 


V 

Iqh = -50 pA 

IlL 

Input Leakage Current 
(To, Ti, RD, WR, CS, Ao, EA) 


■ 

±10 

nA 

Vss £ ViN < Vcc 

lOL 

Output Leakage Current 
(D 0 -D 7 , High Z State) 

■ 


±10 

mA 

Vss + 0.45 < V|N £ Vcc 

Idd 

Vdd Supply Current 


10 

25 

mA 


Icc + Idd 

Total Supply Current 


65 

135 

mA 


V0L3 

Output Low Voltage (Prog) 



0.45 

V 

lOL = 1.0 mA 

Ilii 

Low Input Source Current 

P 10 -P 17 P 20 -P 27 

inf 

■ 

0.4 

mA 

ViL = 0.8V 

IlI2 

Low Input Source Current 

RESET, SS 


■ 

0.2 

mA 

ViL = 0.8V 


A.C. CHARACTERISTICS 

Ta = 0*C to 70'C, Vcc = Vdd = +5V ±5%. Vss = OV 

DBB Read: 


Symbol 

Parameter 

1 8741 1 

1 8041 1 

Units 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

Ur 

CS, Aq Setup to RD 1 

60 


0 


ns 


Ira 

CS, Ao Hold After ^ t 

30 


0 


ns 


Irr 

^ Pulse Width 

300 

2 X tcY 

250 


ns 

tcY = 2.5 ps 

Ud 

CS, Aq to Data Out Delay 


370 


150 

ns 


Ird 

^ i to Data Out Delay 


200 


150 

ns 


Idf 

RD t to Data Float Delay 

10 


10 


ns 



140 


100 

ns 


Irv 

Recovery Time Between Reads 

And/Or Write 

1 


1 


pS 


tcY 

Cycle Time 

2.5 


2.5 


MS 

6 MHz Crystal 


'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 
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8041/8741 

DBS Write: 


Symbol 

Parameter 

1 8741 n 

1 8041 1 

Units 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

Iaw 

CS, Ao Setup to WR 1 

60 


0 


ns 


IWA 

CS, Ao Hold After WR t 

30 


0 


ns 


tww 

WR Pulse Width 

300 

2 X tcY 

250 


ns 

tcY = 2.5 ps 

tow 

Data Setup to WR t 

250 


150 


ns 


two 

Data Hold After WR t 

30 


0 


ns 



A.C. TEST CONDITIONS 

D7-D0 Outputs Rl = 2.2k to Vss 

4.3k to Vqc 
Cl = 100 pF 


WAVEFORMS 

Read Operation — Data Bus Buffer Register 



(SYSTEM'S 
ADDRESS BUS) 


(READ CONTROL) 


Write Operation — Data Bus Buffer Register 


C5 0R Ao 


=x 



(SYSTEM'S 
ADDRESS BUS) 



(WRITE CONTROL) 
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8041/8741 


8748 Erasure Characteristics 

The erasure characteristics of the 8748 are such that 
erasure begins to occur when exposed to light with 
waveiengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8748 in approximately 3 years while it would take ap- 
proximately one week to cause erasure when exposed 
to direct sunlight. If the 8748 is to be exposed to these 
types of lighting conditions for extended periods of 


time, opaque labels are available from Intel which 
should be placed over the 8748 window to prevent 
unintentional erasure. 

The recommended erasure procedure for the 8748 is ex- 
posure to shortwave ultraviolet light which has a wave- 
length of 2537 A. The integrated dose (i.e., UV intensity 
X exposure time) for erasure should be a minimum of 15 
W-sec/cm^. The erasure time with this dosage is approx- 
imately 15 to 20 minutes using an ultraviolet lamp with a 
12,000 fiW/cm^ power rating. The 8748 should be placed 
within one inch of the lamp tubes during erasure. Some 
lamps have a filter on their tubes which should be 
removed before erasure. 


A.C. TIMING SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ±5'’C, Vcc = 5V ±5%, Vqd = 25V ±1V 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Conditions 

tAW 

Address Setup Time to RESET t 

4tcy 




tWA 

Address Hold Time After RESET t 

4tcy 




tow 

Data in Setup Time to PROG t 

4tcy 




two 

Data in Hold Time After PROG 1 

4tcy 




tPH 

RESET Hold Time to Verify 

4tcy 




tVODW 

Vdo 

4tcy 




tVDDH 

Vdd Hold Time After PROG 1 

0 




tPW 

Program Pulse Width 

50 

60 

MS 


tTW 

Test 0 Setup Time for Program Mode 

4tcy 




tWT 

Test 0 Hold Time After Program Mode 

4tcy 




too 

Test 0 to Data Out Delay ! 


4tcy 



tww 

RESET Pulse Width to Latch Address 

4icy 




tr, tf 

VoD and PROG Rise and Fall Times 

0.5 

2.0 

fiS 


tCY 

CPU Operation Cycle Time ' 

5.0 


MS 


tRE 

RESET Setup Time Before EA t 

4tcy 

! 




Note: If TEST 0 Is high, tpQ can be triggered by RESET 1. 


D.C. SPECIFICATION FOR PROGRAMMING 

Ta = 25'’C ±5°C, Vcc = 5V ±5%,Vdd = 25V ±1V 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Conditions 

Vdoh 

Vdd Program Voltage High Level 

24.0 

26.0 

V 


VODL 

Vdd Voltage Low Level 

4.75 

5.25 

V 


VpH 

PROG Program Voltage High Level 

21.5 

24.5 

V 


VpL 

PROG Voltage Low Level 


0.2 

V 


Veah 

EA Program or Verify Voltage High Level 

21.5 

24.5 

V 


Veal 

EA Voltage Low Level 


5.25 

V 


Ido 

Vdd High Voltage Supply Current 


30.0 

mA 


IPROG 

PROG High Voltage Supply Current 


16.0 

mA 


Iea 

EA High Voltage Supply Current 


1.0 

mA 
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WAVEFORMS 

Combination Program/Verify Mode (EPROMs Oniy) 



— tTW »• 

PR( 

DGRAM - 


^ - VERIFY PROGRAM 

TO ^ 


/ 

^ \ 

<ww ► 

\ / 

<AW 



RESET ^ 

*"1— *WA 

^ / 

— — too — ^ 

_/ ADDRESS \/ DATA TO BE \ 1 

DB 0 -OB 7 \ <0-71 VALID A PROGRAMMED VALID 7-—— — 

/ \J DATA \_ _/ NEXTADDrV 

\ A / \ A 



ADDRESS X ADDRESS (8-9) VALID 

\/ NEXT 

A ADDRESS 

WODW-— 


— — 


■^Wdoh 



T 

L. 




' low— I 

— * 

- — -j- »wo •* 

PROG 




\ 



+0 


r 1 

J \ 


Verify Mode (ROM/EPROM) 


VERIFY MODE (ROM/EPROM) 



DBq'OB/ 




ADDRESS 
(0-7) VALID 


X DATA OUT ..y 


NEXT 

ADDRESS 


X NEXT DATA \ 
OUT VALID 


P20-P1 



ADDRESS (8-9) VALID 



NEXT ADDRESS VALID 
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8243 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70“C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground —0.5V to +7V 

Power Dissipation 1 Watt 


‘COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not impiied. Exposure to absoiute maximum 
rating conditions for extended periods may affect device 
reliability^ 


D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = 5V ±10% 


Symbol 

Parameter 

Min. 

Typ. 

Max.' 

Units 

Test Conditions 

V|L 

Input Low Voltage 

-0.5 


0.8 

V 


V|H 

Input High Voltage 

2.0 


Vcc+0.5 

V 


VOLI 

Output Low Voltage Ports 4-7 


B 

0.45 

V 

Iql. = 5 mA* 

VoL2 

Output Low Voltage Port 7 



1 

V 

1 0 L “ 20 m A 

Vqhi 

Output High Voltage Ports 4-7 

2.4 



V 

l0H= 240iuA 

•iLI 

Input Leakage Ports 4-7 

-10 

B 

20 

pA 

Vjn= Vcc to ov 

' IL2 

Input Leakage Port 2, CS, PROG 

-10 

B 

10 

pA 

Vin=Vcc to OV 

V0L3 

Output Low Voltage Port 2 



.45 

V 

loL“t).6mA 

•cc 

Vcc Supply Current 


10 

20 

mA 


VoH2 

Output Voltage Port 2 

2.4 




•oH" 100/iA 

■OL 

Sum of all Iql from 16 Outputs 



100 

mA 

5 mA Each Pin 


*See following graph for additional sink current capability. 


A.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = 5V ± 10% 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

tA 

Code Valid Before PROG 

100 


ns 

80 pF Load 


Code Valid After PROG 

60 


ns 

20 pF Load 

tc 

Data Valid Before PROG 

200 


ns 

80 pF Load 

to 

Data Valid After PROG 

20 


ns 

20 pF Load 

tH 

Floating After PROG 

0 

150 

ns 

20 pF Load 

tK 

PROG Negative Pulse Width 

900 


ns 


tcs 

CS Valid Before/After PROG 

50 


ns 


tpo 

Ports 4-7 Valid After PROG 


700 

ns 

100 pF Load 

tLPI 

Ports 4-7 Valid Before/After PROG 

100 


ns 


tACC 

Port 2 Valid After PROG 


750 

ns 

80 pF Load 


6-D13 






























































WAVEFORMS 



PORTS 4-7 


INPUT VALID 



ADAM OSBORNE & ASSOCIATES. INCORPORATED 


Chapter 7 
ZILOG Z80 


Zilog Z80 microcomputer devices have been designed as 8080A enhancements. In fact, the same individuals 
responsible for designing the 8080A CPU at Intel designed the Z80 devices at Zilog. The 8085, described in 
Chapter 5, is Intel's 8080A enhancement. 

The Z80 instruction set includes all 8080A instructions as a subset. In deference to rational necessity, 
however, neither the Z80 CPU, nor any of its support devices attempt to maintain pin-for-pin compatibility with 
8080A counterparts. Comjiatibility is limited to instruction sets and general functional capabilities. A program 
that has been written to drive an 8080A microcomputer system will also drive the Z80 system — within cer- 
tain limits; for example, a ROM device that has been created to implement object programs for an 8080A 
microcomputer system can be physically remoyed and used in a Z80 system. 

But Z80-8080A compatibility does extend ^omewhat further, since most support devices that have been 
designed for the 8080A CPU will also work with a Z80 CPU; therefore in many cases you will be able to upgrade 
an 8080A microcomputer system to a Z80, confining hardware rnodifications to the CPU and its immediate in- 
terface only. ' • 

It is interesting to note that the Z80 pins and signal interface is far closer than the 8085 to the three-chip 8080A 
configuration illustrated in 8p80A chapter.' Also, whereas the Z8Q instruction set is greatly expanded as compared to 
the 8080A, the 8085 instruction set contains just two new instructions. However, both the Z80 and the 8085 have 
resolved the two most distressing problems associated w'th the 8080A — the three-chip 8080A CPU has in both cases 
been reduced to one chip, and the three 8080A ppwer supplies have in both cases been reduced to a single -f 5V power 
supply. 


ZILOG, INC., manufacturers of the Z80, are located at: 

10460 Bubb Road 
Cupertino, California 95014 

The official second source for Zilog products is: 

MDSTEK, INC. 

1215 West Crosby Road 
Carrollton, Texas 75006 

N-Channel MOS technology is used for all Z80 devices. 

THE Z80 CPU 


Z80 LSI 
TECHNOLOGY 


Functions implemented on the Z80 CPU are illustrated In Figure 7-1. They represent "typical" CPU logic, 
equivalent to the three devices: 8080A CPU, 8224 Clock and 8228 System Controller. 

A SUMMARY OF Z80/8080A DIFFERENCES 

We are going to summarize Z80/8080A differences before describing differences in detail. If you know the 
8080A well, read on; if you do not, come back to this summary after reading the rest of the Z80 CPU descrip- 
tion. We will also contrast the Z80 and the 8085, where relevant. 

' f 

For the programmer, the Z80 provides more registers and addressing modes than the 8080A, plus a much larger 
instruction set. 

Significant hardware features are a single power supply (-f 5V), a single system clock signal, an additional inter- 
rupt, and logic to refresh dynamic memories. 
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Logic to Handle 
Interrupt Requests 
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Arithmetic and 
Logic Unit 


Accumulator 

Registerfs) 
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Control Unit 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Interrupt Priority 
Arbitration 


Program Counter 


System Bus 


ROM Addressing 
and 

Interface Logic 


I/O Communication 
Serial to Parallel 
Interface Logic 


RAM Addressing 
and 

Interface Logic 


I/O Ports 
Interface Logic 


Read/Write 

Memory 


Read Only 
Memory . 


Programmable 

Timers 


Figure 7-1. Logic Functions of the Z80 CPU 


The 8085 also has a single power supply and a single system clock signal. The 8085 has three additional interrupts, but 
lacks logic to refresh dynamic memories. 

Is the Z80 CPU indeed the logical next 8080A evolution? 

Hardware aspects of the 8080A represent its weakest features, as compared to principal current competitors. 

Specifically, the fact that the 8080A is really a three-chip CPU is its biggest single problem: three chips are always 
going to cost more than one. Next, the fact that the 8080A requires three power supplies (+5V, -5V and -F 1 2V) is a very 
negative feature for many users and the desirability of going to a single power supply is self-evident: the Z80 requires a 
single -f5V power supply. This is also true of the 8085. 

The problems associated with condensing logic from three chips onto one chip are not so straightforward. Figure 7-2 il- 
lustrates the standard three-chip 8080A CPU. Let us assume that the three devices are to be condensed into a single 
chip. Asterisks (*) have been placed by the signals which must be maintained if the single chip is to be hardware com- 
patible with the three chips it replaces. Forty-three signals are asterisked, therefore the standard 40-pin DIP cannot be 
used. The problem is compounded by the fact that not all 8080A systems use an 8228 System Controller. Some 8080A 
systems use an 8212 bidirectional I/O port to create control signals. A few of the earliest 8080 systems use neither the 
8228 System Controller, nor an 8212 I/O port: rather external logic decodes the Data Bus when SYNC is true in order to 
generate control signals: for example, that is how the TMS5501 works. We must therefore conclude that any attempt 


7-2 
























ADAM OSBORNE & ASSOCIATES, INCORPORATED 


© 


to reduce three chips to one will create a product that is not pin compatible with the 8080A; and, indeed, the Z80 is not 
pin compatible. What Zilog has done is include as many hardware enhancements as possible within the confines of a 
40-pin DIP that must be philosophically similar to the 8080A, without attempting any form of pin compatibility. Figure 
7-2 identifies the correlation between Z80 signals and 8080A signals. Notice that there is a significant similarity. 

Figure 5-3 is equivalent to Figure 7-2, comparing 8085 and 8080A signals. Z80 signals are far closer to the 8080A 
three-chip set than the 8085. 

Here is a summary of the hardware differences: 

1) The Z80 has reduced three power supplies to a single -f5V power supply. 

2) Clock logic is entirely within the Z80. 

3) The complex, two clock signals of the 8080A have been replaced by a single clock signal. 

4) Automatic dynamic memory refresh logic has been included within the CPU. 

5) Read and write control signal philosophy has changed. The 8080A uses separate memory read, memory write, I/O 
read and I/O write signals. The Z80 uses a general read and a general write, coupled with a memory select and an 
I/O select. This means that if a Z80 CPU is to replace an 8080A CPU then additional logic will be required beyond 
the Z80 CPU., You will either have to combine the four Z80 control signals to generate 8080A equivalents, or you 
will have to change the select and strobe logic for every I/O device. We will discuss this in more detail later. 

6) Address and Data Bus float timing associated with DMA operations have changed. The 8080A floats these busses 
at the beginning of the third or fourth time period within the machine cycle during which a bus request occurs; 
this initiates a Hold state. The Z80 has a more straightforward scheme; a Bus Request input signal causes the Data 
and Address Busses to float at the beginning of the machine cycle; floating busses are acknowledged with a Bus 
Acknowledge output signal. 

7) The Z80 has an additional interrupt request. In addition to the RESET and normal 8080A interrupt request, the Z80 
has a nonmaskable interrupt which is typically used to execute a short program that prepares for power failure, 
once a power failure has been detected. 

Now consider internal organization of the Z80 in terms of instruction set compatibility and enhancement. 

As illustrated by Table 7-3 the 8080A instruction set is. indeed, a subset of the Z80 instruction set. Unfortunately, the 
Z80 uses completely new source program instruction mnemonics, therefore 8080A instructions cannot immediately be 
identified. Technical Design Labs, Inc., has an 8080-like Z80 assembly language. 



ADDRESS BUS* 


DATA DUS* 


CONTROL BUS 


Ml Z80 •quivaltnt, or r>fw aignala. 

* Sigrtala raproducod by th« Z80. 

* SigrMi* which muit b« duplicottd by • 
hardwor* rtploc«m«nt product. 


R?5i? \ Th«M ar* Z80 aiorwlt 
HALT > withnoflOeOA 
NMI } countarpart 


Figure 7-2. The Standard 8080A Three-Chip System and Z80 Signal Equivalents 
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There are very few unused object codes in the 8080A instruction set. The Z80 has therefore taken what few unused ob- 
ject codes there are, and used them to specify that an additional byte of object code follows: 

1 1011 101 — Spare 8080A object code 

— Specifies new Z80 object code follows 

This results in most new Z80 instructions having 16-bit object codes: but simultaneously it means that a very large 
number of new instructions can be added. 

Any enhancement of the 8080A can include major changes within the CPU; providing the 8080A registers and status 
flags remain as a subset of the new design, instruction compatibility remains. These are the principal enhancements 
made by the Z80: 

1) The standard general purpose registers and status flags have been duplicated. This makes it very easy to handle 
single-level interrupts, since general purpose register and Accumulator contents no longer need to be saved on the 
Stack; instead, the program may simply switch to the alternate register set. 

2) Two Index registers have been added. This means that additional Z80 instructions can use indexed memory ad- 
dressing. 

2) An Interrupt Vector register allows external logic the option of responding to an interrupt acknowledge by issuing 
the equivalent of a Call instruction — which vectors program execution to a memory address which is dedicated 
to the acknowledged external logic. 

4) A single Block Move instruction allows the contents of any number of contiguous memory bytes to be moved from 
one area of memory to another, or between an area of memory and a single I/O port. You can also scan a block of 
memory for a defined value by executing a Block Compare instruction. 

5) Instructions have been added to test or alter the condition of individual register and memory bits. 

In contrast to the extensive enhancements of the Z80, the 8085 registers and status architecture are identical to the 
8080A. There are only two additional instructions in the 8085 instruction set; however, the 8085, like the Z80, allows 
Call instructions to be used when acknowledging an interrupt — a particularly useful enhancement. 

While on the surface the Z80 instruction set appears to be very powerful, note that instruction sets are very 
subjective; right and wrong, good and bad are not easily defined. Let us look at some nonobvious features of the 
Z80 instruction set. 

First of all, the execution speed advantage that results from the new Z80 instructions is reduced by the fact that many 
of these instructions require two bytes of object code. Some examples of Z80 instructions and equivalent 8080A in- 
struction sequences with equivalent cycle times are given in Table 7-1. 


Table 7-1. Comparisons of Z80 and 8080A 
Instruction Execution Cycles 


Z80 1 

8080A 1 

1 Instructions 

Cycles 

Instructions 

Cycles 

LD 

R,(IX + d) 

19 

LXI 

H,d 

10 




DAD 

IX 

10 




MOV 

R;M 

7 






27 

LD 

RP,ADDR 

20 

LHLD 

ADDR 

16 




MOV 

C,L 

5 




MOV 

B.H 

5 






26 

SET 

B,(HL) 

15 

MOV 

A,M 

.. 7 




ORI 

MASK 

7 




MOV 

M.A 

7 






21 


Also, a novice programmer may find the Z80 instruction set bewilderingly complex. At a time when the majority of po- 
tential microcomputer users are terrified by simple assembly language instruction sets, it is possible that users will 
react negatively to an instruction set whose complexity (if not power) rivals that of many large minicomputers. 

Many of the new Z80 instructions use direct, indexed memory addressing to perform operations which are otherwise 
identical to existing 8080A instructions. Now the Z80 has two new 1 6-bit Index registers whose contents are added to 
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an 8-bit displacement provided by the instruction code: this is the scheme adopted by the Motorola MC6800. This 
scheme is inherently weaker than having a 1 6-bit. instruction-provided displacement, as implemented by the Signetics 
2650. When the Index register is larger than the displacement, the Index register, in effect, becomes a base register. 
When the Index register has the same size, or is smaller than the displacement, it is truly an Index register as described 
in "Volume 1 — Basic Concepts". The Signetics 2650 implementation is more powerful. 

Z80 PROGRAMMABLE REGISTERS 

We will now start looking at the Z80 CPU in detail, beginning with its programmable registers. 

The Z80 has two sets of 8-bit programmable registers, and two Program Status Words. At any time one set of 

programmable registers and one Program Status Word will be active and accessible. 

In addition, the Z80 has a 16-bit Program Counter, a 16-bit Stack Pointer, two 16-bit Index registers, an 8-bit 
Interrupt Vector and an 8-bit Memory Refresh register. 

Figure 7-3 illustrates the Z80 registers. Within this figure, the 8080A registers' subset is shaded. 




PSW 

A 

B 

C 

D 

E 

H 

L 


PC 

IX 

lY 


IV 

R 


Those two 8-bit registers 
are sometimes treated 
as a 16-bit unit 


Program Status Words 

Primary Accumulators 

Secondary Accumulators/ Data Counter 

Secondary Accumulators/Data Counter 

Secondary Accumulators/Data Counter 

Stack Pointer 

Program Counter 

Index Register X 

Index Register Y 

Interrupt Vector 

Memory Refresh Counter 



PSW' 

K 

A' 

B' 

C' 

D’ 

E' 

H' 

L' 


Shaded registers represent the 8080A subset.- 


Figure 7-3. Z80 Programmable Registers 


The Z80 uses its Program Status Word, its A, B, C, D, E, H, and L registers, plus the Stack Pointer and the Pro- 
gram Counter exactly as the 8080A uses these locations; therefore no additional discussion of these registers 
is needed. 

The Program Status Word, plus registers A, B, C, D, E, H and L are duplicated. Single Z80 instructions allow you to 
switch access from one register set to another, or to exchange the contents of selected registers. At any time, one or 
the other set of registers, but not both, is accessible. 

There are two 16-bit Index registers, marked IX and lY. These are more accurately looked upon as base registers, as 
will become apparent when we examine Z80 addressing modes. 

The Interrupt Vector register performs a function similar to the ICW2 byte of the 8259 PICU device (described 
in the 8080A chapter). Z80 interrupt acknowledge logic gives you the option of initiating an interrupt service routine 
with a Call instruction, where the high order address byte for the call is provided by the Interrupt Vector register. The 
8085 also provides this capability. 

The Memory Refresh Counter register represents a feature of microcomputer systems which has been over- 
looked by everyone except Fairchild and Zilog. Dynamic memory devices will not hold their contents for very long, 
irrespective of whether power is off or on. A dynamic memory must therefore be accessed at millisecond intervals. 
Dynamic memory devices compensate for this short-coming by being very cheap — and dynamic refresh circuitry is 
very simple. Using a technique akin to direct memory access, dynamic refresh circuitry will periodically access dynamic 
memories, rewriting the contents of individual memory words on each access. About the only logic needed by dynamic 
refresh is a counter via which it keeps track of its progress through the dynamic memory; that is the purpose of the Z80 
Memory Refresh Counter register. The Z80 also has a special DMA refresh control signal: therefore the Z80 provides 
much of the dynamic refresh logic needed by dynamic memory devices. 
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Z80 ADDRESSING MODES 

Z80 instructions use all of the 8080A addressing modes; the Z80 also has these two enhancements: 

1) A number of memory reference instructions use the IX and lY registers for indexed, or base relative ad- 
dressing. 

2) There are some two-byte program relative Jump instructions. 

A memory reference instruction that uses the IX or lY register will include a single data displace- 
ment byte. The 8-bit value provided by the instruction object code is added to the 16-bit value 
provided by the identified Index register in order to compute the effective memory address: 


Z80 

INDEXED 

ADDRESSING 


PROGRAM 

MEMORY 



Op Code 
Displacement 


Memory 

Reference 

instruction 


p, q and d represent any hexadecimal digits; 
dd represents an 8-bit, signed binary value. 


This is standard microcomputer indexed addressing and is less powerful than having the memory 

reference instruction provide a 16-bit base address or displacement; for a discussion of these addressing modes see 

"Volume 1 — Basic Concepts", Chapter 6. 

The program relative, two-byte Jump instructions provided by the Z80 provide standard two-byte, program relative ad- 
dressing. A single, 8-bit displacement is provided by the Jump instruction’s object code: this 8-bit displacement is ad- 
ded, as a signed binary value, to the contents of the Program Counter — after the Program Counter has been incre- 
mented to point to the sequential instruction: 


PROGRAM Memory 
MEMORY Address 


Branch 'mstniction op code 
Displacement 



ppqq-2 

ppqq-1 

ppqq 
ppqq+ 1 
ppqq + 2 


Program Counter 



The next instruction object code will be fetched from memory location ppqq-t-2+dd. p, q, and d represent any hex- 
adecimal digits, dd represents a signed binary, 8-bit value. 

For a discussion of program relative addressing, see "Volume 1 - Basic Concepts" 

The Z80 addressing enhancements are of significant value when comparing the Z80 to the 8080A. 

The value of the Index register comes not so much from having an additional addressing option, but rather IX and lY 
allow an efficient programmer to husband his CPU register space more effectively. Look upon IX and lY as performing 
memory addressing tasks which the 8080A would have to perform using the BC and DE registers. By freeing up the BC 
and DE. registers for data manipulation, you can significantly reduce the number of memory reference instructions ex- 
ecuted by the Z80. 
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The two-byte program relative Jump instruction is useful because in most programs 80% of the Jump instructions 
branch to a memory location that is within 1 28 bytes of the Jump. That is the rationale for most microcomputers offer- 
ing two-byte as well as three-byte Jump instructions. 

Z80 STATUS 

The Z80 and 8080A both use the Program Status Word in order to store status flags. These are the Z80 status 
flags: 

Carry (C) 

Zero (Z) 

Sign (S) 

Parity/Overflow (P/0) 

Auxiliary Carry (Aq) 

Subtract (N) 

Statuses are recorded in the Program Status Word by the Z80, as compared to the 8080A, as follows: 

7 6 5 4 3 2 1 0 Bit No. 

^ Z80 Program Status Word 

Bit No. 

8080A Program Status Word 


76543210 - 

|S|2|x|^|X|P|xicF 


The Parity/Overflow and Subtract statuses differ from the 8080A. All other statuses are the same. Note that 
the Z80, like the 8080A, uses borrow philosophy for the Carry status when performing subtract operations. That is 
to say, during a subtract operation, the Carry status takes the reciprocal value of any Carry out of the high-order bit. For 
details see the 8080A Carry status descriptions given in the 8080A chapter. 

The 8080A has a Parity status but no Overflow status. The Z80 uses a single status flag for both operations, which 
makes a lot of sense. The Z80 Overflow status is absolutely standard, therefore only has meaning when signed binary 
arithmetic is being performed — at which time the Parity status has no meaning. Within the Z80, therefore, this single 
status is used by arithmetic operations to record overflow and by other operations to record parity. For a complete dis- 
cussion of the Overflow status see "Volume 1 — Basic Concepts". 

The Subtract status is used by the DAA instruction for BCD operations, to differentiate between decimal addition or 
subtraction. The Subtract and Auxiliary Carry statuses cannot be used as conditions for program branching (condi- 
tional Jump, Call or Return instructions). 

Z80 CPU PINS AND SIGNALS 

The Z80 CPU pins and signals are illustrated in Figure 7-4. Figure 7-2 provides the direct comparison between 
Z80 CPU signals and the standard 8080A, 8228, 8224 three-chip systems. 

Let us first look at the Data and Address Busses. 

The 16 address lines AO - A15 output memory and I/O device addresses. The address lines are tristate: they may 
be floated by the Z80 CPU, giving external logic control of the Address Bus. There is no difference between Z80 and 
8080A Address Bus lines. 

The Data Bus lines DO - D7 transmit bidirectional data into or out of the Z80 CPU. Like the Address Bus lines, the 
Data Bus lines are tristate. The Z80 Data Bus lines do differ from the 8080A equivalent. The 8080A Data Bus is 
multiplexed: status output on the Data Bus by the 8080A during the T2 clock period of very machine cycle is strobed 
by the SYNC pulse. The Z80 does not multiplex the Data Bus in this way. The Z80 Data Bus lines operate at normal TTL 
levels, whereas the 8080A Data Bus lines do not. 

Control signals are described next; these may be divided into system control, CPU control 
and Bus control. First we will describe the System control signals. 

Ml identifies the instruction fetch machine cycle of an instruction's execution. Its function 
is similar, but not identical to the 8080 A SY NC ^Ise. The Z80 PIO device uses the low M1 

pulse as a reset signal if it occurs without lORQ or RD simultaneously low. 

MREQ identifies any memory access operation in progress: it is a tristate control signal. 

lORQ identifies any I/O operation in progress. When iORQ is low, AO - A7 contain a vali d I/O port address. lORQ is 
also used as an interrupt acknowledge; an interrupt is acknowledged by M1 and IORQ being output low — a uni- 
que combination, since Ml is otherwise low only during an instruction fetch, which cannot address an I/O device. 


Z80 SYSTEM 

CONTROL 

SIGNALS 
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RD is a tri state sig nal w hich indicates that the CPU wishes to read data from either memory or an I/O device, as 
identified MREQ or lORQ. 

WR is a tri state c ontr ol sig nal which indicates that the C PU w ishes to write data to memory or an I/O device as in- 
dicated by MREQ _and lORQ. Some Z80 I/O devices have no WR input. These devices assume a Write operation when 
lORQ is low and RD is high. RD low specifies a Read operation. 

The various ways in which the three control signals, Ml, lORQ, and RD, may be interpreted are summarized in Table 
7-5, which occurs in the description of the Z80 PIO device. 

RFSH Is a control signal used to refresh dynamic memories. When RFSH is output low, the current MREQ signal 
should be used to refresh dynamic memory, as addressed by the lower seven bits of the Address Bus, AO - A6. 

Next we will describe CPU control signals. 
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HALT is output low following execution of a Halt instruction. The CPU now enters a Halt state 
during which it continuously re-executes a NOP instruction in order to maintain memory refresh 
activity. A Halt can only be terminated with an interrupt. 

WAIT is equivalent to the 8080A READY input. External logic which cannot respon d to a CPU 
access request within the allowed time interval extends the time interval by pulling the WAIT input low. In response to 
WAIT low, the Z80 enters a Wait state during which the CPU inserts an integral number of clock periods; taken 
together, these clock periods constitute a Wait state. 

INT and NMI are tvyo interrupt request inputs. The difference between these two signals is that NMI has higher 
priority and cannot be disabled. 

There are two Bus control signals. 

RESET is a standard reset control input. When the Z80 is reset, this is what happens: 

The Program Counter, IV and R registers' contents are all set to zero. 

Interrupt requests via INT are disabled. 

All tristate bus signals are floated. 

BUSRQ and BUSAK are bus request and acknowledge signals. In order to perform any kin d of DM A operation, ex- 
ternal logic must acquire control of the microcomputer System Bus. This is done by inputting BUSRQ low; at the con- 
clusion of the current machine cycle, the Z80 CPU will float all tristate bus lines and will acknowledge the bus request 
by outputting BUSAK low. 

Z80 - 8080A SIGNAL COMPATIBILITY 

If you are designing a new product around the Z80 CPU, then questions of Z80 - 8080A signal compatibility 
are irrelevant: you will design for the CPU on hand. 

If you are replacing an 8080A with a Z80, then it would be helpful to have some type of lookup table which 
directly relates 8080A signals to Z80 signals. Unfortunately, such a lookup table cannot easily be created. The 

problem is that the Z80 is an implementation' of three devices; the 8080A CPU, the 8224 Clock, and 8228 System Con- 
troller: but there are very many 8080A configurations that do not include an 8228 System Controller. 

Possibly the most important conceptual difference between the Z80 and 8080A involves read and write control signals. 

The 8228 System Controller develops four discrete control signals for memory read, memory write, i/0 read and 
i/0 write. The Z80 has a general read and a general write, coupled with an I/O select and a memory select. By 

adding logic, it would be easy enough to generate the four discrete 8080A signals from the two Z80 signal pairs; here 
is one elementary possibility: 


Z80 BUS 

CONTROL 

SIGNALS 


Z80 CPU 

CONTROL 

SIGNALS 


Z80 - 8080A Equivalent 

Signals Signals 


MREQ 

RD 

MREQ 

lORQ 

RO 

lORQ 



MEMR 

MEMW 

I/OR 

l/OW 
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If your design allows it, however, it would be wiser to extend the Z80 philosophy to the various support devices sur- 
rounding the CPU. Recall from our discussion of 8080A support devices in Chapter 4 that every device requires sepa- 
rate device select and device access logic. For some arbitrary read operation, timing might be illustrated as follows: 

Select 


Read 

Strobe 



With an 808 0A scheme, select l ogi c is dec oded from Address Bus lines, while strobe logic depends on one of th e fou r 
control lines I/OR, l/OW, MEMR or MEMW. Using the Z80 philosophy, the memory select (MREQ) or I/O select (lORQ) 
control lines become part of the device select logic, while the read (RD) or write (WR) controls generate the strobe. 

The Z80 has no interrupt acknowledge signal; rather it combines lORQ with Ml as follows: 



Some Z80 support devices also check for a “Return-from-lnterrupt" instruction object code appearing on the Data Bus 
during an instruction fetch (when Ml and RD will both be low). This condition is used to reset interrupt priorities 
among Z80 support devices. 

The SdSOA HOLD and HLDA signals are functionally reproduced by the Z80 BUSRQ and BUSAK signals. 

The 8080A SYNC pulse has no direct Z80 equivalent. Ml is pulsed low during an instruction fetch, or an interrupt 
acknowledge, but it is not pulsed low during the initial time periods of an instruction's second or subsequent machine 
cycles. Frequently the complement of Ml can be used instead of SYNC to drive those 8080A peripheral devices 
that require the SYNC pulse. ' 

The Z80 has no signals equivalent to 8080A INTE. WAIT or ^ 2 . There is also no signal equivalent to the 8228 
BUSEN. 

If for any reason external logic must know when interrupts have been disabled internally by the CPU, then the Z80 will 
be at a loss to provide any signal equivalent to the 8080A control signals. Remember INTE in an 8080A system tells ex- 
ternal logic when the CPU has enabled or disabled all interrupts;since external logic can do nothing about interrupts 
being disabled, and requesting an interrupt at this time does neither good nor harm, knowing that the condition exists 
is generally irrelevant. 

The single Z80 WAIT input serves the function of the 8080A READY input. Irrespective of when the WAIT is requested, 
a Wait clock period will only be inserted between J2 and T3; moreover, as we will see shortly, there are certain Z80 in- 
structions which automatically insert a Wait state, without waiting for ext ernal demand. You would need relatively 
complex logic to decode instruction object codes, clock signal and the WAIT input if your Z80 system is to generate the 
equivalent of an 8080A WAIT output. In all probability, it would be simpler to find an alternative scheme that did not 
require a signal equivalent to the 8080A WAIT output. 

The Z80 simply has no second clock equivalent to 8080A <I>2. Any device that needs clock signal «I>2 cannot easily be 
used in Z80 configurations. 

The 8228 BUS EN inpu t is used by external logic to float the System Bus. In a Z80 system, CPU logic floats the System 
Bus; therefore BUSEN becomes irrelevant. 

The 8080A CPU has no signals equivalent to Z80 RFSH, HALT and NMI. 

RFSH applies to dynamic memory refresh only; it is irrelevant within the context of a Z80 - 8080A signal comparison. 
NMI, being a nonmaskable interrupt request, also has no 8080A equivalent logic. 

The Z80 HALT output needs some discussion. One of the more confusing aspects of the 8080A is the interac- 
tion of Wait, Halt and Hold states. Let us look at these three states , comparing the Z80 and 8080A configura- 
tions and in the process we will see the purpose of the Z80 HALT output. 

The purpose of the Wait state is to elongate a memory reference machine cycle in deference to slow external memory 
or I/O devices. The Wait state consists of one or more Wait clock periods inserted between T2 and T3 of a machine cy- 
cle. The 8080A and the Z80 handle Wait states in exactly the same way, except for the fact that the Z80 has no Wait 
acknowledge output and under certain circumstances will automatically insert Wait clock periods. 
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The purpose of the Hold condition is to allow external logic to acquire control of the System Bus and perform Direct 
Memory Access operations. Again both the Z80 and the 8080A have very similar Hold states. The only significant 
difference is that the Z80 initiates a Hold state at the conclusion of a machine cycle, whereas the 8080A initiates the 
Hold state during time period T3 or T4. The 8228 System Controller also needs a high BUSEN input in order to float its 
Data and Control Busses while the Z80 has no equivalent need. . 

The big difference between the Z80 and the 8080A comes within the Halt state. When the 8080A executes a Halt in- 
struction, it goes into a Halt state, which differs from a Hold state. There are some complex interactions between Hold, 
Halt, Wait and interrupts within 8080A systems. None of these complications exists in the Z80 system, since the Z80 
has no Halt state. After executing a Halt instruction, the Z80 outputs HALT low, then proceeds to continuously execute 
a NOP instruction. This allows dynamic memory refresh logic to continue operating. If you are replacing an 8080A 
with a Z80, you must give careful attention to the Halt state. This is one condition where unexpected incom- 
patibilities can arise. 


Z8O TIMING AND INSTRUCTION EXECUTION 

Z80 timing is conceptually similar to. but far simpler than 8080A timing. Like the 8080A, the Z80 divides its in- 
structions into machine cycles and clock periods. However, all Z80 machine cycles consist of either three or four 
clock periods. Some instructions always insert Wait clock periods, in which case five or six clock periods may be pre- 
sent ip a machine cycle. Recall that 8080A machine cycles may, have three,. four or five clock periods. 

The 8080A may require from one to five machine cycles in order to execute an instruction: Z80 instructions execute in 
one to six machine cycles. If we shade optional machine cycles and clock periods, Z80 and 8080A instruction time sub- 
divisions may be compared and illustrated as follows: 
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Z80 clock signals are also far simpler than the 8080A equivalent Where the 8080A uses two clock signals the Z80 
uses one. Clock logic may be compared as follows; 



INSTRUCTION FETCH EXECUTION SEQUENCES 

As compared to the 8080A, Z80 instruction timing is rnarvelously simple. Gone is the SYNC pulse and the decod- 
ing of Data Bus for status. Every instruction's timing' degenerates’ into an instruction fetch, optionally followed by 
memory or I/O read or write. Add to this a few variations for Wait state, interrupt acknowledge and bus floating and you 
are, done. ' . 


Let us begin by looking at an instruction fetch. Timing is illustrated in Figure 7-5. Look at the instruction fetch timing 
in the 8080A chapter to obtain an immediate comparison pf'the Z80 and the 8080A. 



Figure 7-5. Z80 Instruction Fetch Sequence 


Referring to Figure 7-5, note that the instruction fetch cycle is identified by Ml output low during Ti and T2 (®). 
Since there is no status on the Data Bus to worry about, the Program Counter contents are output immediately on the 
Address Bus and stay stable for the duration of T-) and 12- 

Since an instruction fetch is also a memory operation, MREQ and RD controls a re both output low. This occurs half-way 
through T-], at which time the Address Bus will stabilize. The falling edges of MREQ and RD can therefore be used to 
select a memory device and strobe data out. The CPU polls data on the Data Bus at the rising edge of the T3 clock (0 ). 
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Clock perods T 3 and T 4 of the instruction fetch machine cycle are used by the Z80 CPU for internal operations. 
These clock periods are also used to refresh dynamic memory. As soon as the Program Counter contents are taken off 
the Address Bus (@). the refresh address from the Refresh register is output on lines AO - A6 of the Address Bus. This 
address stays on the Address Bus until the conclusion of T4 {(s)). 

Since a memory refresh is a memory access operation, MREQ is again output low; however, it is accompanied by RFSH 
rather than RD low. Thus memory reference logic does not attempt to read data during a refresh cycle. 

A MEMORY READ OPERATION 

Memory interface logic responds to an instruction fetch and a memory read in exactly the same way. There are, 
however, a few differeces between memory read and instruction fetch tirning. Memory read timing is illustrated 
in Figure 7-6. The principal difference to note is that during a memory read operation, the data is sampled on the falling 
edge of the T3 clock pulse, whereas during an instruction fetch it is sampled on the rising edge of this clock pulse. Also 
a normal memory read machine cycle will consist of three c|ock periods, while the normal instruction fetch consists of 
_ four plock periods. Remernbenaisp that theZBO identifies'an instruction fetch machine cycle by outputting Ml low dur- 
o ing the first two clock periods of the instruction fetch machine cycle. 



Figure 7-7. Z80 Memory Write Timing 


MEMORY WRITE OPERATION 

Figure 7-7 illustrates memory write timing for the Z80. The only differences between memory read and memory 
write tjming are the obvious ones:' WR is pulsed low for a write, and can be used as a strobe by memory interface 
logic to read' data off the Data Bus. 
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THE WAIT STATE 

Like the 808QA, the Z80 pllqws a Wait state to occur be^een clock periods T2 and T3 of a machine cycle. The 

Wait state frees external logic or mernory from having to operate at CPU speed. 

I* ' 

The Z80 CPU samples thp WAIT input on the falling edge of O during T2. Providing WAIT is low on the falling edge of 
<!> durin g T2. W ajt clock periods will be inserted. The numb er of W aif clock periods inserted depends strictly on how 
long the WAlt inpqt is held low. As soon as the Z80 detects WAIT high on the falling edge of 4>, it will iriitiate T3 on 
the next rising edge of $. 

Note th§t the single Z8,0 Vy/^IT signal replaces the READY and WAIT 8080A signals. As this would imply, no sig- 
nal is output telling external logic the Z80 t|as entered the Wait state. In the event that external logic needs to know 
whether or not a Wait' state has been entered, these are the rules: 

1) The Z80 will sample WAIT ori the falling' edge of in T2. 

2) If WAIT is low, then ,the Z80 will continue to sample the WAIT input for all subsequent Wait state clock periods. 

3) The Z80 will not sample the WAIT input during any clock period other than T2 or a Wait state. 

Figure 7-8 illustrates Z80 Wait state timing. 



INPUT OR OUTPUT GENERATION 

Timing for Z80 input and output generation is given in Figures 7-9 and 7-10. 

The important point to note is that Zilog has acknowledged the infrequency with which typical I/O logic can operate at 
CPU speed. One Wait clock period is therefore automatically inserted between T2 and T3 fo r all in pqt or output 
machine c ycles. Otherwise timing differs from mempry read and write operations only in that lORQ is output low 
father than MREO. - 

Note that there is absolutely nothing to prevent you from selecting I/O devices within the memory space. This is some- 
thing we did consistently in the 8080A chapter when describing 8080A support devices. But if you adopt this design 
policy, remernber that your I/O logic must execute at CPU speed, unless you insert Wait states. 
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Figure 7-9. Z80 Input or Output Cycles 




BUS REQUESTS 

The Z80 does not have a Hold state as described for the 8080A. but Z80 bu s reques t logic i s equiva lent. The Z80 will 
float Address, Data and tristate Control Bus lines upon sensing a lo w BUSR Q signal. BUSRQ is sampled by the 
■ Z80 CPU on the rising edge of the last c lock pu lse of any machine cycle. If BUSRQ is sa mpled lo w, then tristate lines are 
floated by the CPU, which also outp uts BUSAK low. The Z80 CPU continues to sample BUSRQ on the rising edge of ev- 
ery clock pulse. As soon as BUSRQ is sensed high, floating will cease on the next clock pulse. This timing is illustrated 
in Figure 7-1 1. 
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One significant difference between the Z80 and 8080A results from differences between the Hold and bus 
floating states. As the logic we have described for the Z80 would imply, it will only float the System Bus in between 
machine cycles. The 8080A, on the other hand, will enter a Hold state variably during T3 or T4 of the machine cycle, 
depending on the type of operation in progress. It is therefore possible for the Z80 to float its bus three clock periods 
later than an 8080A in a similar configuration. 
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Figure 7-11. Z80 Bus Timing 
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Figure 7-12. Z80 Response to a Maskable Interrupt Request 


Note also that if you are using the dynamic memory refresh logic of the Z80, then during long bus floats, external 
logic must refresh dynamic memory. The simplest way around this problem in a Z80 system is to ensure that DMA 
operations acquire the System Bus for many short periods of time, rather than for a single long access. 

EXTERNAL INTERRUPTS 

The Z80 has two interrupt request input signals, one of which cannot be disabled. 

Timing for the lower priority interrupt request acknowledge sequence differs significantly from the single 
8080A interrupt request, and is illustrated in Figure 7-12. 

The interrupt request signal INT is sampled by the Z80 CPU on the rising edge of the last clock pulse pf any instruc- 
tion's execution. . 
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An interrupt request will be denied if interrupts have been disabled under program control, or if the BUSRQ signal is 
also low. Thus a DMA access will have priority over maskable interrupts. 

The Z80 CPU acknowledges an interrupt request by outputting Ml and lORQ low. This occurs in a special interrupt 
acknowledge machine cycle, as illustrated in Figure 7-12. Note that this machine cycle has two Wait states inserted so 
that external logic will have time for any type of daisy chained priority interrupt scheme to be implemented. 

When lORQ is output low while Ml is low. external logic must interpret this signal combination as requiring an 
interrupt vector to be placed on the Data Bus by the acknowledged external interrupt requesting source. This 
interrupt vector can take one of three forms: the form depends on which of the three modes you have selected for 
the Z80 under program control. 

In Mode 0, the interrupt vector will be interpreted as a single-byte object code, representing the first instruction to be 
executed following the interrupt acknowledge. This is equivalent to the standard RST instruction response used by 
the 8080A. Whenever you are replacing an 8080A with a Z80, therefore, the Z80 must operate in interrupt response 
Mode 0. 

Z80 interrupt response logic in Mode 1 automatically assumes that the first instruction executed following the in- 
terrupt response will be a Restart, branching to memory location 0038i 9 . If the Z80 is in Mode 1 , no interrupt vec- 
tor is needed. 

Z80 Mode 2 interrupt response has no8080A equivalent. When you operate the Z80 in Mode 2, you must create a 
table of 16-bit interrupt address vectors, which can reside anywhere in addressable memory. These 16-bit ad- 
dresses identify the first executable instruction of interrupt service routines. When an interrupt is acknowledged by the 
CPU in Mode 2, the acknowledged external logic must place an interrupt response vector on the Data Bus. The 
Z80 CPU will combine the IV register contents with the interrupt acknowledge vector to form a 1 6-bit address, 
which accesses the interrupt address vector table. Since 1 6-bit addresses must lie at even memory address bound- 
aries, only seven of the eight bits provided by the acknowledged external logic will be used to create the table address; 
the low order bit will be set to 0. Thus the table of 16-bit interrupt address vectors will be accessed as follows: 

INTERRUPT 
ADDRESS 
VECTORS 


JJ 
J J 
KK 
KK 
LL 
LL 
MM 
MM 
NN 
NN 


Interrupt response 

IV Register vector from external logic 



The Z80 CPU will execute a Call to the memory location obtained from the interrupt address vector table. 

Let us clarify this logic with a simple example. Suppose that you have 64 possible external interrupts; each interrupt 
has its own interrupt service routine, therefore 64 starting addresses will be stored in 128 bytes of memory. Let us ar- 
bitrarily assume that these 128 bytes are stored in a table with memory addresses OFOO 10 through OF7Fi0. Now in 
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order to use Mode 2, you must initially load the value OF 10 into the Z80 IV register. Subsequently an external interrupt 
request is acknowledged and the acknowledged external logic returns on the Data Bus the vector 2Ei0; this is what 
will happen; 

Memoty 


IV Register MEMORY Address 



from here 


If two Wait states are insufficient for external logic to arbitrate interrupt priorities and place 
the required vect or on th e Data Bus, then additional Wait states can be inserted in the usual 
way by inputting WAIT low. Timing is illustrated in Figure 7-13. 


Z80 WAIT 

STATES 

DURING 

INTERRUPT 

ACKNOWLEDGE 
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The nonmaskable interrupt differs from the maskable interrupt in two significant ways. 

First of all the nonmaskable interrupt has priority over both the maskable interrupt and bus re- 
quests. 

Next, the nonmaskable interrupt operates in Mode 1 only. Following the interrupt acknowledge, an RST instruction will 
always be executed, with a Call to memory location 0066-| q . No other RST instruction can be executed and no interrupt 
vector should be placed on the Data Bus; if a vector is placed on the Data Bus, it will be ignored. 

Nonmaskable interrupt timing is illustrated in Figure 7-14. 



Figure 7-14. Z80 Response to a Nonmaskable Interrupt Request 

THE HALT INSTRUCTION 

When a Halt instruction is executed by the Z80 CPU, a sequence of NOP instructions is executed until an interrupt re- 
quest is received. Both maskable and nonmaskable interrupt request lines are sampled on the rising edge of O during 
T4 of every NOP instruction's machine cycle. 

The Halt state will terminate when any interrupt request is detected, at which time the appropriate interrupt 
acknowledge sequence will be initiated, as illustrated in Figures 7-13 and 7-14. 

Note that the Z80 executes the sequence of NOP instructions during a Halt so that it can continue to generate dynamic 
memory refresh signals. 

Halt instruction timing is illustrated in Figure 7-15. 



HALT INSTRUCTION 
IS RECEIVED 
DURING THIS 
MEMORY CYCLE 


Figure 7-15. Z80 Halt Instruction Timing 
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The following abbreviations are used in this chapter: 

A,F,B,C,D,E,H,L The 8-bit registers. A is the Accumulator and F is the Program' Status Word. 

AF',BC’,DE',HL' The alternative register pairs 

addr A 1 6-bit memory address 

x(b) Bit b of 8-bit register or memory location X 

cond Condition for program branching. Conditions are: 

NZ - Non-Zero (Z=0) 

Z - Zero(Z=1) 

NC - Non-carry (C=0) 

C - Carry (C = 1) 

PO - Parity Odd (P=0) 

PE - Parity Even (P = 1) 

P - Sign Positive (S=0) 

M - Sign Negative (S = 1) 


data 

An 8-bit binary data unit 

dataIG 

A 16-bit binary data unit 

disp 

An 8-bit signed binary address displacement 

xx(HI) 

The high-order 8 bits of a 16-bit quantity xx 

IV 

Interrupt vector register (8 bits) 

lX.IY 

The Index registers (16 bits each) 

xy 

Either one of the Index registers (IX or lY) 

LSB 

Least Significant Bit (Bit 0)^ 

label 

A 16-bit instruction memory address 

xx(LO) 

The low-order 8 bits of a 16-bit quantity xx 

MSB 

Most Significant Bit (Bit 7) 

PC 

Program Counter 

port 

An 8-bit I/O port address 

P’’ 

Any of the following register pairs: 

BC 

DE 

HL 

AF 

R 

The Refresh register (8 bits) 

reg 

Any of the following registers: 

A 

B 

C 

D 

E 

H 

L 

rp 

Any of the following register pairs: 

BC 

DE 

HL 

SP 

SP 

Stack Pointer (16 bits) 
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Statuses 


[ ] 

[[ ]] 

A 

-V- 


The Z80 has the following status flags: 

C - Carry status 

Z - Zero status 

S - Sign status 

P/0 - Parity/Overflow status 

Aq - Auxiliary Carry status 

N - Subtract status 


The following symbols are used in the status columns; 

X - flag is affected by operation 

(blank) - flag is not affected by operation 

1 - flag is set by operation 

0 - flag is reset by operation 

? - flag is unknown after operation 

P - flag shows parity status 

0 - flag shows overflow status 

1 - flag shows interrupt enabled/disabled status 


Contents of location enclosed within brackets. If a register designation is enclosed within the 
brackets, then the designated register’s contents are specified. If an I/O port number is enclosed 
within the brackets, then the I/O port contents are specified. If a memory address is enclosed within 
the brackets, then the contents of the addressed memory location are specified. 


Implied memory addressing; the contents of the memory location designated by the contents of a 
register. 

Logical AND 
Logical OR 
Logical Exclusive-OR 

Data is transferred in the direction of the arrow 


Data is exchanged between the two locations designated on either side of the arrow. 


The fixed part of an assembly language instruction is shown in UPPER CASE. 

The variable part (immediate data, I/O device number, register name, label or address) is shown in lower case. 
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•Address Bus: A0-A7: [ Cl 
A8-A15: [Bl 


Table 7-2. A Summary of the Z80 Instruction Set 



operation performed 


[A] — [port] 

Input to Accumulator from directly addressed I/O port. 

Address Bus: A0-A7: port 
A8-A15; [A] 

(regl-[[C]] 

Input to register from I/O port addressed by the contents of C.* 

If second byte is 70^g only the flags will be affected. 

Repeat until [B]=0: 

[[HLll-HCll 
[Bl— [Bl-1 
[HL]*-[HL]+1 

Transfer a block of data from I/O port addressed by contents of C to memory location ad- 
dressed by contents of HL. going from low addresses to high. Contents of B serve as a count of 
bytes remaining to be transferred.* 

Repeat until [Bl«0: 

[[HL]]-[[C]1 
[Bl— [81-1 
(HL]-[HU-1 

Transfer a block of data from I/O port addressed by contents of C to memory location ad- 
dressed by contents of HL, going from high addresses to low. Contents of B serve as a count of 
bytes remaining to bo transferred.* 

((HL1]-[[C1] 
tBl-[Bl- 1 
[HL]-[HL] + 1 

Transfer a byte of data from I/O port addressed by contents of C to memory location addressed 
by contents of HL. Decrement byte count and increment destination address.* 

[[HL]]-[[C11 
[B1-[B]-1 
[HLl— [HLl-1 

Transfers byte of data from I/O port addressed by contents of C to memory location addressed 
by contents of HL Decrement both byte count and destination address.* 

[port!— [Al 

Output from Accumulator to directly addressed I/O port. 

Address Bus; A0-A7; port 
A8-A15; [Al 

[[Cl]-[regl 

Output from register to I/O port addressed by the contents of C.* 

Repeat until [B]=0; 

[(C]]-[[HL]] 

[B] -[Bl-1 
[HLl— [HLl+1 

Transfer a block of data from memory location addressed by contents of HL to I/O port ad- 
dressed by contents of C, going from low memory to high. Contents of B servo as a count of 
bytes remaining to be transferred.* 
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•Address Bus: A0-A7: [C] 
A8-A15; [B] 


Table 7-2. A Summary of the Z80 Instruction Set (Continued) 



OPERATION PERFORMED 


Repeat until [BIN); 

(tC]]-I[HLl] 

[BlMBl-1 
[HLl— [HL]-1 

Transfer a block of data from memory location addressed by contents of HL to I/O port ad- 
dressed by contents of C. going from high memory to low. Contents of B serve as a count of 
bytes remaining to be transferred.* 

[[Cll-IIHL]] 

IB1-[B]-1 
[HL]— lHU + 1 

Transfer a byte of data from memory location addressed by contents of HL to I/O port ad- 
dressed by contents of C. Decrement byte count and increment source address.* 
[[Cll-[[HLll 
[B]-[B]-1 
[HL]— [HLl- 1 

Transfer a byte of data from memory location addressed by contents of HL to I/O port ad- 
dressed by contents of C. Decrement both byte count and source address.* 


[A]*-[addr] 

Load Accumulator from directly addressed memory location. 

[Hi— [addr+ 1], [Ll- [addr] 

Load HL from directly addressed memory. 

[rplHDl— [addr + 1], [rp(LO)]— [addr] or 
[xylHI)]- [addr+ 1], [xy(LO)]— [addr] 

Load register pair or Index register from directly addressed merrxtry. 

[addr]— [A] 

Store Accumulator contents in directly addressed memory location. 

[addr+ 1]— [H], [addr]— [L] 

. Store contents of HL to directly addressed memory location. 

[addr -I- 1]— [rplHDl, [addr]— [rp(LO)] or 
[addr+ 1]— [xv(HI)], [addr]— [xyfLO)] 

'Store contents of register pair or Index register to directly addressed memory. 

[A]— [[BCllor [A]-[[DE]1 

Load Accumulator from memory location addressed by the contents of the specrTied register pair. 
[reg]-[[HL]l 

Load register from memory location addressed by contents of HL. 

[[BC]l-[Aj or [[DEJ]-[A] 

Store Accumulator to memory location addressed by the contents of the specified register pair. 
[[HL]]-[reg] 

Store register contents to memory location addressed by the contents of HL 
[reg]— [[xy] + disp] 

Load register from memory location using base relative addressing. 

[[xy] + disp]— [reg] 

Store register to memory location addressed relative to contents of Index register. 
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Table 7-2. A Summary of the Z80 Instruction Set (Continued) 


MNEMONIC 


OPERAND(S) 


P/O Ac N 


OPERATION PERFORMED 


Repeat until [ BCl “0: 

[[DEll-ItHL]] 

(DEI— [DE1+ 1 
[HLh-lHL] + 1 
(BC]*-[BC]-1 

Transfer a block of data from the memory location addressed by the contents of HL to the 
memory location addressed by the contents of DE, going from low addresses to high. Contents 
of BC serve as a count of bytes to bo transferred. 

Repeat until tBCl=0: 

[(OE]]-[[HLl] 

[DEl—lDEl-1 
[HLl — [HL]-1 
[BC]*-[BCl-1 

Transfer a block of data from the memory location addressed by the contents of HL to the 
i.-ii'memory location addressed by the contents of DE, going from high addresses to low. Contents 
of BC serve as a count of bytes to be transferred. 

I[DE]]-[[HU] 

(DEf— tDE] + 1 
(HL]~tHL]+ 1 
■IBC] — [BCl-1 

Transfer one byte of data from the memory-location addressed by the'contents of HL to the 
- memory location addressed by the contents of DE. Increment source and destination addresses 
■ - and decrement byte count. 

[[DEll-LIHL]] 

[DEl— IDEI- 1 
[HL]— tHLl-1 
[BC]— [BCl-1 

Transfer one byte of data from the memory location addressed by the contents of HL to the 
memory location addressed by the contents of DE. Decrement source and destination addresses 
and byte count. 

Repeat until [A] = [[HL]]or [BC]=0; 

[A] - [[HL]] (only flags are affected) 

[HL]— [HL]+1 
[BC]— [BC]-1 

Compare contents- of Accumulator with those of memory block addressed by contents of HL, 
going from low addresses to high. Stop when a match is found or when the byte count becomes 
zero. 

Repeat until [A]^[[HL]] or [BC]K); 

[A] - [[ HL]] (only flags are affected) 

[HL]— [HL]-1 
'[BC]— [BC]-1 

Compare contents of Accumulator with those of memory block addressed by contents of HL, 
going from high addresses to low. Stop when a match is found or when the byte count becomes 
zero. 
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Table 1 - 2 . A Summary of the Z80 Instruction Set (Continued) 


TYPE. 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

z 

D 



D 

o 

CPI 


2 

n 

D 

D 

B 

B 

1 

lAl - I(HU].(only flags are affected) 






H 

H 

B 

B 


[HU— [HLl + l 

«= c 






■ 


B 


[BC]<-[BC1-1 

fe g 






■ 

B 

B 


Compare contents of Accumulator with those of merrxjry location addressed by contents of HL. 







■ 




Increment address and decrement byte count. 

“ o 

CPD 


2 


D 

D 

B 

B 

1 

[Al - [[HLll (only flags are affected) 

K I 







B 

B 


[HLl— [HLl- 1 

O “ 





■ 

■ 

B 

B 

B 

[BCl— [BC]-1 

CD 





■ 

■ 

B 

B 

B 

Compare contents of Accumulator with those of memory location addressed by contents of HL 





■ 

■ 

■ 

B 

B 

B 

Decrement address and byte count. 


ADO 

(HO 

1 

mm 

n 

B 

n 

B 

B 

[Al— [A1+ [[HLllor [A]-[A] + [Ixyl + displ 



(xy + disp) 

3 



B 



B 

Add to Accumulator using implied addressing or base relative addressing. . 


ADC 

(HO 

1 

X 

X 

B 

,0>o 

X 

B 

[A]— [A]+ [£HL]] + Cor [A]!-[A]+ I[xy] + displ + C 

U 


(xy + disp) 

3 



B 



B 

Add with Carry using implied addressing or base relative addressing. 

Z 

lij 

SUB 

(HO 

1 

X 

X 

B 

0 

X 

B 

[A]<—[Al- [[HLllor [Al— [A]- [[xyl + displ 

lU 


(xv + disp) 

3 






B 

Subtract from Accumulator using implied addressing or base relative addressing. 

UJ 

fiC 

SBC 

(HO 

1 

X 

X 

X 

0 

X 

B 

[Al— [Al - [[HLl - C or [Al— [Al - [[xyl + displ - C 

> 


(xy + disp) 

3 







Subtract with Carry using implied addressing or base relative addressing. 

o 

AND 

(HO 

1 

0 

X 

X 

p • 

1 

0 

fAl-[Al A [[HLll or [Al-[Al A [[xyl + displ 

S 


(xy + disp) 

3 







AND with Accumulator using implied addressing or base relative addressing 

s 

OR 

(HO 

1 

0 

X- 

X 

p 

, 1 

0 

[Al-[A1V [[HLllor [Al-[Al V [[xyl + displ 

>• 

OC 


(xy + disp) 

3 







OR with Accumulator using implied addressing or base relative addressing. 

< 

Q 

XOR 

(HO 

1 

0 

X 

X 

p 

1 

0 

[Al-[Al-V[[HLllor [Al-[AlV-[[xyl + displ 

Z 


(xy + disp) 

3 







Exclusive-OR with Accumulator using implied addressing or base relative addressing. 

U 

CP 

(HO 

1 

X 

X 

X 

0 

X 

1 

[Al- [[HLll or [Al- [[xyl + displ 

w 


(xy + disp) 

3 







Compare with Accumulator using implied addressing or base relative addressing. Only the flags 


INC 









are affected. 



(HO 

1 


X 

X 

0 

X 

0 

[[HLll— [[HLll + 1 or [[xyl + displ— [[xyl +displ + 1 



(xy + disp) 

3 







Increment using implied addressing or base relative addressing. 


DEC 

(HO 

1 


X 

X 

0 

X 

1 

[[HLll— [[HLll - 1 or [[xyl + displ— [[xyl + displ - 1 



(xy + disp) 

3 







Decrement using implied addressing or base relative addressing. 
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Table 7-2. A Summary of the Z80 Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED.: 

C 

2 

D 


m 

D 


RLC 

(HL) 

2 

X 

X 

X 

p 

0 

0 




(xy + disp) 

4 







[[HL]] or [[xy] + disp] 











Rotate contents of.memory location (implied or base relative addressing) left with branch Carry. 


RL 

(HL) 

2 

X 

X 

X 

p 

0 

0 

1 |c|-< 17 ^ - — 0|«^ 



(xy + di8p) 

4 







[[HL]] or [[xy] + di8p] 











Rotate contents of memory location left through Carry. 

UJ 

5 

RRC 

(HL) 

2 

X 

X 

X 

p 

0 

0 

^-►17 ► o|4— 

o 


(xy + disp) 

4 







[[HL]] or [[xy] + di8p] 

Q 

Z 










Rotate contents of memory location right with branch Cany. 

< 

t 

RR 

(HL) 

2 

X 

X 

X 

p 

0 

0 

L^7 ► Oj ►]£] 1 

z 


(xy + disp) 

4 







[[HL]] or ([xy] + disp] 

>■ 

K 

O 










Rotate contents of memory location right through Carry. 

s 

111 

SLA 

(HL) 

2 

X 

X 

X 

p 

0 

H 

1 c 1-^ 1 7 o"]-^ 0 

S 


(xy + disp) 

4 






■ 

[[HL]] or [[xy] -f disp] 










I 

Shift contents of memory location left and clear LSB (Arithmetic Shift). 


SRA 

(HL) 

2 

4 

X 

X 

■ 

p 

0 

B 












UHLjjor llxyj + dispj 







■ 




Shift contents of memory location right and preserve MSB (Arithmetic Shift). 


SRL 

(HL) 

2 

X 

X 

D 

p 

0 

0 




(xy + disp) 

4. 







[[HL]] or ([xy] + disp] 







■ 




Shift contents of memory location right and clear MSB (Logical Shift). 


LD 

reg.data 


■ 

■ 

■ 

■ 

■ 

■ 

[reg]*— data 











Load immediate into register. 

O 

LD 

rp,data16 



H 

1 

H 

H 

1 

• [rp]— datalBor [xy]"— datalB 

Ui 


xy,data16 








Load 16 bits of immediate data into register pair or Index register. 

s 

Lb 

(HL),data 



H 



m 


[[HL]]— data or [[xy] +.disp]— data 



(xy + disp), data i 

1 

1 


1 

1 

1 

1 

Load immediate into memory location using implied or base relative addressing. 
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Table 7-2. A Summary of the Z80 Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

z 

D 



D 


JP 

label 


■ 

■ 

■ 

■ 

■ 

■ 

[PC] — label 










■ 

Jump to instruction at address represented by label. 

s 

JR 

disp 




H 


H 

■ 

[PCI— (PC] + 2 + disp 










H 

1 . Jump relative to present contents of Program Counter. 


JP 

(HL) 



■ 

H 

■ 

H 

■ 

[PC]-[HLJ or [PCI— [xy] 



Ixy) 

Hi 

H 

■ 

■ 

■ 

H 

■ 

Jump to address contained in HL or Index register. 


CALL 

label 


■ 

■ 

■ 

■ 

■ 

■ 

. [[SP]-1]— [PaHOJ 











[[SP]-2]-[PaLO)] 











[SP]— [SPl-2 

S g 






■ 

■ 

■ 

■ 

[PCI— label 

Z H 






■ 



■ 

Jump to subroutine starting at address represented by label. 


CALL 

cond, label 








Jump to subroutine if condition is satisfied; otherwise, continue in sequence. 

O o 

RET 





H 



H 

[POLO)]- [[SPll 

ffi < 










[PaHi)]-[[SP]+1] 

in 






H 

■ 

■ 

H 

[SPl- [SPl + 2 











Return from subroutine. 


hET 

cond 


■ 

■ 

■ 

1 

1 

■ 

Return from subroutine if condition is satisfied; otherwise, continue in sequence. 


• ADD 

data 

2 

X 

X 

X 

0 

X 

0 

[Al- [Al + data 











Add immediate to Accumulator. 


ADC 

data 

2 

X 

X 

X 

0 

X 

0 

[Al- [A] + data + C 











Add immediate with Carry. 

tu 

SUB 

data 

2 

X 

X 

X 

0 

X 

1 

[Al— [ A] - data 

c . 










Subtract immediate from Accumulator. 

g 

SBC 

data 

2 

X 

X 

X 

0 

X 

1 

[A]— [A] - data -,C 

UJ 










Subtract immediate with Carry. 

H 

< 

AND 

data 

2 

0 

X 

X 

p 

1 

0 

[A]— [AlAdata 

O 










AND immediate with Accumulator. 

s 

OR 

' data 

2 

0 

X 

X 

p 

1 

0 

[Al— [A] Vdata 

s 










OR immediate with Accumulator. 


XOR 

.data 

2 

0 

X 

X 

p 

1 

0 

[Al- [ Al-V-data 











Exclusive-OR immediate with Accumulator. 


CP 

data 


X 

X 

X 

0 

X 

1 

[ A] - data' 




1 







Compare immediate data with Accumulator contents; only the flags are affected. 
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Table 7-2. A Summary of the Z80 Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

Z 

B 



D 


JP 

cond.label 

3 

n 






If cond, then [PC] — label 











Jump to instruction at address represented by label if the condition is true. 

z 

JR 

C.disp 

2 







If C=1, then [PC]— [PC] +2 + disp 

H 










Jump relative to contents of Program Counter if Carry flag is set. 

O 

JR 

NC.disp 

2 







lfC=0, then [PC]— [PC]+2 + disp 

o 










Jump relative to contents of Program Counter if Cany flag is reset. 

2 

JR 

Z.disp 

2 

HI 






lfZ=1, then [PC]— [PC] + 2 + disp 

o 










Jump relative to contents of Program Counter if Zero flag is set. 

s 

JR 

NZ.disp 

2 







lfZ=0, then [PC]— [PC] + 2 + disp 











Jump relative to contents of Program Counter if Zero flag is reset. 


DJNZ 

disp 

2 







[Bl— [B]-1 











If [B] ^ 0 , then [PC]— [PC] + 2 + disp 





■ 






Decrement contents of B and Jump relative to contents of Program Counter if result is not 0. 


LD 

dst.src 

1 






■ 

[dstl— [src] 










■ 

Move contents of source register to destination register. Register designations src and dst may 










■ 

each be A, B, C, D, E, H or L. 


LD 

A.IV 

2 


X 

X 

1 

0 

B 

(A]-[IV] 











Move contents of Interrupt Vector register to Accumulator. 


LD 

A,R 

2 


X 

X 

1 

0 

0 

[A]-[R] 

> 










Move contents of Refresh register to Accumulator. 

s 

LD 

IV,A 

2 







[IV]-[A] 

cc 










Load Interrupt Vector register from Accumulator. 

K 

(0 

LD 

R,A 

2 







[R]-[A] 

5 










Load Refresh register from Accumulator. 

tr 

LD 

SP.HL 

1 







[SPj— [HLl 

d: 










Move contents of HL to Stack Pointer. 

H 

W 

LD 

SP.xy 

2 







[SPl-[xy] 

o 










Move contents of Index register to Stack Pointer. 

oc 

EX 

DE,HL 

1 







[DE]- >[HLl 











Exchange contents of DE and HL. 


EX 

AF.AF 

1 







[AF]- >[AF] 











Exchange program status and alternate program status. 


EXX 


1 







/[BC]\ /[BC]\ 

[DE] — [DE] 











\[HL]/ \[HL’]/ 

Exchange register pairs and alternate register pairs. 
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Table 7-2. A Summary of the Z80 Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

z 

B 

B 


D 


ADD 

reg 

1 

X 

X 

X 

0 

X 

I 

[A]— [Al+ [regl 










B 

Add contents of register to Accumulator. 


ADC 

reg 

1 

X 

X 

X 

0 

X 

B 

[A]*— [A]+ [regl + C 










B 

Add contents of register and Carry to Accumulator. 


, SUB 

reg 

1 

X 

X 

X 

0 

X 

B 

[A]*— [Ai - [reg] 











Subtract contents of register from Accumulator. 


SBC 

reg 

1 

X 

X 

X 

0 

X 

1 

[A]— [A] - [reg] - C 











Subtract contents of register and Cany from Accumulator. 

H* 

< 

AND 

reg 


0 

X 

X 

p 

1 

0 

[A]— [A] A [reg] 

lU 










AND contents of register with contents of Accumulator. 

O 

OR 

reg 


0 

X 

X 

p 

1 

0 

[A]— [A] V [reg] 

ce 










OR contents of register with contents of Accumulator. 

H 

M 

XOR 

reg 


0 

X 

X 

p 

1 

0 

[A]— [AlV [reg] 

o 










Exclusive-OR contents of register with contents of Accumulator. 

OC 

CP 

reg 

1 

X 

X 

X 

0 

X 

1 

[A] - [regl 

UJ 










Compare contents of register with contents of Accumulator. Only the flags are affected. 

H 

CO 

ADD 

HL,rp 


X 




7 

0 

[HL]<-[HL]+ [rp] 

o 










16-bit add register pair contents to contents of HL 

cc 

ADC 

HLrp 


X 

X 

X 

0 

7 

0 

[HL]<-[HL]+ [rp] + C 











16-bit add with Carry register pair contents to contents of HL 


SBC 

HLrp 


X 

X 

X 

0 

n 

1 

[HL]-[HL]- [rp]-C 









■ 


16-bit subtract with Carry register pair contents from contents of HL 


ADD 

IX.PP 


X 




B 

0 

[IX]— [1X1+ [pp] 









B 


16-bit add register pair contents to contents of Index register IX (pp'=eC, DE, IX, SP) 


ADD 

IY.rr 


X 




B 

0 

[lYl-[IY]+[rr] 




■ 





II 


16-bit add register pair contents to contents of Index register lY (rr-BC, DE, lY. SP). 


DAA 



H 

H 

H 

H 

H 

■ 

Decimal adjust Accumulator, assuming that Accumulator contents are the sum or difference of 









HI 


BCD operands. 


CPL 


1 







[A]-ra 









II 

II 

Complement Accumulator (ones complement). 


NEG 


2 


HI 





[A]-m+1 








hh 

HI 

m 

Negate Accumulator (twos complement). 

< 

ce 

INC 

reg 

1 

■ 





KSB 

[regl— [reg] + 1 

0. 







HH 

BB 

Bfl 

Increment register contents. 

OC 

INC 

rp 

1 

H 




^H 


[rp]— [rp]+ 1 or [xy]— [xy] + 1 

IS 










Increment contents of register pair or Index register. 

CP 

DEC 

reg 

2 

■ 






[regl- [reg] - 1 

UJ 








HB 


Decrement register contents. 


DEC 

rp 

1 





^H 


[rp]— [rp] - 1 or [xy]— [xy] - 1 



xy 

2 

1 

1 

1 

1 

1 

1 

Decrement contents of register pair or Index register. 
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Table 7-2. A Summarv of the Z80 Instruction Set (Continued) 


TYPE 

MNEMONIC 



STATUS 

OPERATION PERFORMED 



C 

2 

B 



D 


RLCA 


■ 

X 




0 






■ 





1 

1 

[A] 

Rotate Accumulator left with branch Carry. 


RLA 



X 




H 






■ 





1 

1 

[A] 

Rotate Accumulator left through Cany. 


RRCA 



X 




H 












1 

[A] 

Rotate Accumulator right with branch Carry. 


RRA 


1 

X 




0 



K 

< 

H 

O 

oc 










[A1 

Rotate Accumulator right through Carry. 

Q 

Z 

RLC 

reg 

2 

X 

X 

X 

p 

0 

0 


H 

tL 

z 

CO 










[reg] 

Rotate contents of register left with branch Carry. 

UJ 

RL 

reg 

2 

k 

X 

X 

p 

0 

0 


w 

5 

tu 

tc 










[reg] 

Rotate contents of register left through Carry. 


RRC 

reg 

2 

X 

X 

X 

p 

0 

0 

o 

J 











[reg] 

Rotate contents of register right with branch Carry, 


RR 

reg 

2 

X 

X 

X 

p 

0 

6 

7 ► 0| — * 











[reg] 

Rotate contents of register right through Carry. 


SLA 

reg 

2 

X 

X 

X 

p 

0 

0 

17 -m o|^o 











[reg] 

Shift contents of register left and clear LSB (Arithmetic 9iift). 


SRA 

reg 

2 

X 

X 

X 

p 

0 

H 

— ►oi — ^ 










1 

1 

[reg] 

Shift contents of register right and preserve MSB (Arithmetic Shift). 
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Table 7-2. A Summary of the Z80 Instruction Set (Continued) 


MNEMONIC 

OPERAND(S) 

SRL 


RLD 


RRD 

reg 

BIT 

b.reg 

BIT 

b.(HL) 

b,(xy + disp) 

SET 

b.reg 

SET 

b,(HU 

b,{xy + disp) 

RES 

b.reg 

RES 

b.(HU 

b,(xy + disp) 

PUSH 

pr 


xy 

POP 

pr 


xy 

EX 

(SP),HL 

(SP),xy 


OPERATION PERFORMED 


Shift contents of register right and clear MSB (Logical Shift). 


3 


[A] ~ t[HL]] 

Rotate one BCD digit left between the Accumulator and memory location (implied addressing). 
Contents of the upper half of the Accumulator are not affected. 


[Al [[HLll 

Rotate one BCD digit right between the Accumulator and memory location (implied addressing). 
Contents of the upper half of the Accumulator are not affected. 


Z^eg(b) 

Z ero flag co ntains complement of t he selected register bit. 

Z— (EHLlKb) or Z- [[;(y] + displ(b) 

Zero flag contains complement of selected bit of the memory location (implied addressing or 
base relative addressing). 
reg(b)— 1 

Set indicated register bit. 

[[HL]](b)— 1 or t[xy] + disp](b)— 1 

Set indicated bit of memory location (implied addressing or base relative addressing). 
reg{b)— 0 

Reset indicated register bit. 

[[HL]](b)— 0 or [Ixy] + disp](b)— 0 

Reset indicated bit in memory location (implied addressing or base relative addressing). 


[[SP]-1]— [pdHD] 

[[SP]-2]-[pifLO)] 

ISP]— [SPl-2 

Put contents of register pair or Index register on top of Stack and decrement Stack Pointer. 
[priLO)]-[[SP]] 
tpKHI)]— ([SP] + 1] 

ISP]— [SP] + 2 

Put contents of top of Stack in register pair or Index register and increment Stack Pointer. 
[Hi— [[SP1+ 1] 

ILI-IISP]] 

Exchange contents of HL or Index register 'bnd top of Stack. 
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Table 7-2. A Summary of the Z80 Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

z 

D 



D 


Dl 



■ 

m 

■ 

■ 

■ 

■ 

Disable interrupts. 


El 









Enable interrupts. 


RST 

n 







B 

[[SPl-1]— [POHDl 










B 

[[SPl-2]— [PC(LO)] 

Q. 









B 

[SPl— [SPl-2 

3 

QC 




■ 

■ 

■ 

■ 

■ 

B 

[PC]-(8-n)i6 

Ui 










Restart at designated location. 

z 

RETI 









Return from interrupt. 


RETN 








B 

Return from nonmaskable interrupt. 


IM 

0 


■ 

■ 

■ 

■ 

■ 


Set interrupt mode 0, 1, or 2. 



2 


■ 

■ 

■ 

■ 

■ 

1 


(0 

SCF 


n 

■ 


■ 

■ 

D 

0 

C — 1 

3 










Set Carry flag. 

< 

CCF 



B 


B 

B 

B 

0 

c— C 




■I 

■ 


■ 

■ 

■ 


Complement Carry flag. 


NOP 


■H 

WM 

■ 


■ 

■ 

■ 

No operation — volatile memories are refreshed. 


HALT 









CPU halts, executes NOPs to refresh volatile memories. 


















o 

lU 


(/) 


H 

< 

O 

O 

tn 

U) 


< 

c3 


lU 

Z 

oc 

o 

CQ 

U) 

O 

< 

o 

< 

© 


Table 7-3. A Summary of Instruction Object Codes and Execution Cycles with 8080A Mnemonics 

for Identical Instructions 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

8080A 

MNEMONIC 

8080A 

CLOCK 

PERIODS 

ADC 

data 

CE w 

2 

7 

ACI 

data 

7 

ADC 

(HL) 

8E 

1 

7 

ADC 

M 

7 

ADC 

HL,rp 

ED OlxxIOlO 

2 

15 




ADC 

(IX + disp) 

DD 8E w 

3 

19 




ADC 

(lY + disp) 

FD 8E w 

3 

19 




ADC 

reg 

1(XX)lxxx 

1 

4 

ADC 

reg 

4 

ADD 

data 

C6 yy 

2 

7 

ADI 

data 

7 

ADD 

(HU 

86 

1 

7 

ADD 

M 

7 

ADD 

HL,rp 

OOxxIOOl 

1 

11 

DAD 

rp 

10 

ADD 

(IX -f disp) 

DD 86 yy 

3 

19 




ADD 

IX, pp 

DD OOxxlOO! 

2 

15 




ADD 

(lY + disp) 

FD 86 yy 

3 

19 




ADD 

IY,rr 

FD OOxxlOO! 

2 

15 




ADD 

reg 

10000XXX 

1 

4 

ADD 

reg 

4 

AND 

data 

E6 yy 

2 

7 

ANI 

data 

7 

AND 

(HL) 

A6 

1 

7 

ANA 

M 

7 

AND 

(IX + disp) 

DD A6 yy 

3 

19 




AND 

(lY + disp) 

FD A6 yy 

3 

19 




AND 

reg 

lOIOOxxx 

\ 

4 

ANA 

reg 

4 

BIT 

b,(HL) 

CB 

2 

12 






OtbbbllO 






BO’ 

b,(IX + disp) 

OD CB yy 

4 

20 






OIbbbllO 






BIT 

b,(IY + disp) 

FD CB yy 

4 

20 






OIbbbllO 






BIT 

b.reg 

CB 

2 

8 






Oibbbxxx 






CALL 

label 

CD ppqq 

3 

17 

CALL 

label 

17 

CALL 

C, label 

DC ppqq 

3 

10/17 

CC 

label 

11/17 

CALL 

M, label 

FC ppqq 

3 

10/17 

CM 

label 

11/17 

CALL 

NC.Iabel 

D4 ppqq 

3 

10/17 

CNC 

label 

11/17 

CALL 

NZ,label 

C4 ppqq 

3 

10/17 

CNZ 

label 

11/17 

calL 

P.label 

F4 ppqq 

3 

10/17 

CP 

label 

1V,17 

CALL 

PE, label 

EC ppqq 

3 

10/17 

CPE 

label 

11/17 

CALL 

PO,label 

E4 ppqq 

3 

10/17 

CPO 

label 

11/17 

CALL 

Z,label 

CC ppqq 

3 

10/17 

CZ 

label 

11/17 

CCF 


3F 

1 

4 

CMC 


4 

CP 

data 

FE yy 

2 

7 

CPI 

data 

7 

CP 

(HL) 

BE 

1 

7 

CMP 

M 

7 

CP 

(IX -t- disp) 

DD BE yy 

3 

19 




CP 

(lY + disp) 

FD BE yy 

3 

19 

CMP 

reg 

19 

CP 

reg 

lOlllxxx 

1 

4 




CPD 


ED A9 

2 

16 




CPDR 


ED B9 

2 

21/16* 



• 

CPI 


ED A! 

2 

16 




CPIR 


ED B1 

2 

21/16* 



* 

CPL 


2F 

1 

4 

CMA 


4 

DAA 


27 

1 

4 

DAA 


4 

DEC 

(HL) 

35 

1 

11 

DCR 

M 

10 

DEC 

IX 

DD 2B 

2 

10 




DEC 

(IX + disp) 

DD 35 yy 

3 

?3 




DEC 

lY 

FD 2B 

2 

10 




DEC 

(lY + disp) 

FD 35 yy 

3 

23 




DEC 

rp 

OOxxIOI! 

1 

6 

DCX 

rp 

5 

DEC 

reg 

OOxxxIOl 

1 

4 

DCR 

reg 

5 

Dl 


F3 

1 

4 

Dl 


4 

DJNZ 

disp 

10 yy 

2 

8/13 




El 


FB 

1 

4 

El 


4 

EX 

AF.AF 

08 

1 

4, 




EX 

DE,HL 

EB 

1 

4 

XCHG 


4 

EX 

(SP),HL 

E3 

1 

19 

XTHL 


18 

EX 

(SP),IX 

DD E3 

2 

23 
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Table 7-3. A Summary of Instruction Object Codes and Execution Cycles with 8080A Mnemonics 
for Identical Instructions (Continued) 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

8080A 

MNEMONIC 

8080A 

CLOCK 

PERIODS 

0< 

(SP).IY 

FD E3 

2 

23 




EXX 


D9 

1 

4 




HALT 


76 

1 

4 

HLT 


4 

IM 

0 

ED 46 

2 

8 




IM 

1 

ED 56 

2 

8 




IM 

2 

ED 5E 

2 

8 




IN 

A,port 

DB yv 

2 

10 

IN 

port 

10 

IN 

reg,(C) 

ED 

2 

11 






OldddOOO 






INC 

(HL) 

34 

1 

11 

INR 

M 

10 

INC 

IX 

DD 23 

2 

10 




INC 

(IX-t-disp) 

DD 34 yy 

3 

23 




INC 

lY 

FD 23 

2 

10 




INC 

(lY + disp) 

FD 34 yy 

3 

23 




INC 

fP 

OOxxOOII 

1 

6 

INX 

rp 

5 

INC 

reg 

OOxxxlOO 

1 

4 

INR 

reg 

lliliiiisiiilliii 

IND 


ED AA 

2 

15 



■ ^ 

INOR 


ED BA 

2 

20/15 




INI 


ED A2 

2 

15 




INIR 


ED B2 

2 

20/15 




JP 

label 

C3 ppqq 

3 

10 

JMP 

label 

10 

JP 

Clabel 

DA ppqq 

3 

10 

JC 

label 

10 

JP 

(HU 

E9 

1 

4 

PCHL 


5 

JP 

(IX) 

DD E9 

2 

8 




JP 

(lYI 

FD E9 

2 

8 




JP 

M.label 

FA ppqq 

3 

10 

JM 

label 

10 

JP 

NC, label 

02 ppqq 

3 

10 

JNC 

label 

10 

JP 

NZ,label 

C2 ppqq 

3 

10 

JNZ 

label 

10 

JP 

P.label 

F2 ppqq 

3 

10 

JP 

label 

10 

JP 

PE.l3bel 

EA ppqq 

3 

10 

JPE 

label 

10 

JP 

PO.Iabel 

E2 ppqq 

3 

10 

JPO 

label 

10 

JP 

Z,label 

CA ppqq 

3 

10 

JZ 

label 

10 

JR 

C.disp 

38 yy 

2 

7/12 




JR 

disp 

18 yy 

2 

12 




JR 

NC.disp 

30 yy 

2 

im 




JR 

NZ.disp 

20 yy 

2 

7/12 




JR 

Z,disp 

28 yy 

2 

7/12 




LO 

A,(au\jr) 


3 

13 

LDA 

addr 

13 

ID 

A.(BC) 

OA 

1 

7 

LDAX 

B 

7 

LO 

A,(DE) 

1A 

1 

7 

LDAX 

D 

7 

ID 

A,l 

ED 57 

. 2 

9 




LD 

A.R 

ED 5F 

2 

9 




LO 

(addr),A 

32 ppqq 

3 

13 

STA 

addr 

13 

LO 

(addr),BC 

ED 43 ppqq 

4 

20 




It) 

(addr),OE 

ED 53 ppqq 

4 

20 




LD 

(addr),HL 

22 ppqq 

3 

16 

SHLD 

addr 

16 

LD 

(addr),IX 

DD 22 ppqq 

4 

20 




LD 

(adddlY 

FD 22 ppqq 

4 

20 




LD 

(addr),SP 

ED 73 ppqq 

4 

20 




LD 

(BC),A 

02 

1 

7 

STAX 

B 

7 

LD 

(DE),A 

12 

1 

7 

STAX 

D 

7 

LD 

HL,(addr) 

2A ppqq 

3 

16 

LHLD 

addr 

16 

LD 

(HU.data 

36 yy 

2 

10 

MVI 

M.data 

10 

LD 

(HU.reg 

OinOsss 

1 

7 

MOV 

M,reg 

7 

LD 

LA 

ED 47 

2 

9 




LD 

IX,(addr) 

DD 2A ppqq 

4 

20 




LD 

IX.dataie 

DD 21 yyyy 

4 

14 




LD 

(IX + disp), data 

DD 36 yy yy 

4 

19 




LD 

(IX + disp),reg 

DD OinOsss 

3 

19, 






YV 






LD 

IY,(addr) 

FD 2A ppqq 

4 

20 




LD 

IY,data16 

FD 21 yyyy 

4 

14 
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Table 7-3. A Summary of Instruction Object Codes and Exedlition Cycles with 8080A Mnemonics 
, for Identical Instructions (Continued) 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

8080A 

MNEMONIC 

8080A 

CLOCK 

PERIODS 

LD 

(lY -t- disp),data 

FD 38 yyyy 

4 

19 




LO 

(lY + di$p),reg 

FD OmOsss 

3 

19 






yy 






LD 

R,A 

ED 4F 

2 

9 




LD 

reg.data 

(X)ddd110 

2 

7 

MVI 

reg.data 

7 



yy 






LD 

reg.lHL) 

OldddllO 

1 

7 

MOV 

reg.M 

7 

LD 

rag, (IX + disp) 

DD 

3 

19 






OldddllO 








yy 






LD 

reg.llY + disp) 

FD 

3 

19 






OlddddllO 








yy 






LD 

reg,reg 

Oldddsss 

1 

4 

MOV 

reg, reg 

5 

LD 

rp.laddr) 

ED OlxxIOII 

4 

20 






ppqq 






LD 

rp,data16 

OOxxOOO) 

3 

10 

LXI 

rp.dataie 

10 



yyyy 






LD 

SP.HL 

F9 

1 

6 

SPHL 


5 

Ld 

SP.IX 

DD F9 

2 

10 




LD 

SP.IY 

FD F9 

2 

10 




LDD 


ED AS 

2 

16 




LDDR 


ED B8 

•2 

21/16* 



* 

LDI. 


ED AO 

2 

16 




LDIR 


ED BO 

i 

21/16* 



• 

N^G 


ED 44 

2 

8 




NOP 


00 

1 

4 

NOP 


4 

OR 

data 

F6 w 

2 

7 

ORI 

data 

7 

OR 

(HU 

B6 

1 

7 

ORA 

M 

7 

OR 

(IX + disji) 

DD B6 yy 

3 

19 




OR 

(lY + disp) 

FD B6 yy 

3 

19 




OR 

reg 

lOlibxxx 

1 

4 

ORA 

reg 

5 

OTDR 


ED BB 

2 

20/15* 



* 

OTIR 


ED B3 

2 

20/15* 



• 

OUT 

(O.reg 

ED OlsssOOl 

2 

12 




OUT 

port, A 

D3 yy 

2 

11 

OUT 

port 

10 

OUTD 


ED AB 

2 

15 




OUTI 


ED A3 

2 

.15 




POP 

IX 

DD El 

2 

14 




l>OP 

lY 

FD E1 

2 

14 




POP 

pr 

llxxOOO) 

1 

10 

POP 

rp 

10 

PUSH 

IX 

DD E5 

2 

15 




PUSH 

lY 

FD E5 

2 

15 




PUSH 

pr 

llxxOIOI 

1 

11 

PUSH 

rp 

11 

RES 

b,(HL) 

CB 

2 

15 






lObbbllO 






RES 

b,(IX + disp) 

PD CB yy 

4 

23 






lObbblib 






RES 

b,(IY + disp) 

FD CB yy 

4 

23 






lObbbllO 






RES 

b.reg 

CB 

2 

8 






lObbbxxx 






RET 


C9 


10 

RET 


10 

RET 

C 

D8 


5/11 

RC 


5/11 

RET 

M 

Fd 

1 

5/11 

RM 


5/11 

RET 

NC , 

DO 

1 

5/11 

RNC 


5/11 

RET 

NZ 

CO 


5/11 

RNZ 


5/11 

RET 

P 

FO 

1 

5/11 

RP 


5/11 

RET 

PE 

E8 

1 

5/11 

RPE 


5/11 

RET 

PO 

EO 


5/11 

RPO 


5/11 

RET 

Z 

C8 

1 

5/11 

RZ 


5/11 

RED 


ED 4D 

2 

14 
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Table 7-3. A Summary of Instruction Object Codes and Execution Cycles with 8080A Mnemonics 
’ for Identical Instructions (Continued) 


INSTRUCTION 

OBJECT CODE 

RETN 


ED 45 

RL 

(HL) 

C^ 16 

RL 

(IX + disp) 

DO CR yy 16 

RL 

(lY + disp) 

FD CB yy 16 

RL 

reg 

CB 

OOOIOxxx 

RLA 


17 

RLC 

(HL) 

CB 06 

RLC 

(IX + disp) 

DD CB yy 06 

RLC 

(lY + disp) 

FD CB yy 06 

RLC 

reg 

CB 

OOOOOxxx 

RLCA 


07 

RLD 


ED 6F 

RR 

(HL) 

CB IE 

RR 

(IX + disp) 

DD CB.yy IE 

RR 

(lY + disp) 

FD CB yy IE 

RR 

reg 

CB 

0001 Ixxx 

RRA 


IF 

RRC 

(HL) 

CB OE 

RRC 

(IX + disp) 

DD CB yy OE 

RRC 

(lY + disp) 

FD CB yy OE 

RRC 

reg 

CB 

OOOOIxxx 

RRCA 


OF 

RRD 


ED 67 

RST 

n 

llxxxlll 

SBC 

data 

DE yy 

SBC 

(HL) 

9E 

SBC 

HL,rp 

ED OlxxOOlO 

SBC 

(IX + disp) 

DD 9E yy 

SBC 

(lY + disp) 

FD 9E yy 

SBC 

reg 

1001 Ixxx 

SCF 


37 

SET 

b,(HL) 

CB 

lIbbbllO 

SET 

b,(IX + disp) 

DD CB yy 
lIbbbllO 

SET 

b,(IY + disp) 

FD CB yy 
lIbbbllO 

SET 

b.reg 

CB 

lIbbbxXx 

SLA 

(HL) 

CB 26 

SLA 

(IX + disp) 

DD CB yy 26 

SLA 

(lY + disp) 

FD CB yy 26 

SLA 

reg 

CB OOlOOxxx 

SRA 

(HL) 

CB 2E 

SRA 

(IX + disp) 

DD CB yy 2E 

SRA 

(lY + disp) 

FD CB yy 2E 

SRA 

reg 

CB OOlOIxxx 

SRL 

(HL) 

CB 3E 

SRL 

(IX + disp) 

DD CB yy 3E 

SRL 

(lY + disp) 

FD CB yy 3E 

SRL 

reg 

CB 0011 Ixxx 

SUB 

data 

D6 yy 

SUB 

(HL) 

96 

SUB 

(IX + disp) 

DD 96 yy 

SUB 

(lY + disp) 

FD 96 yy 

SUB 

reg 

lOOIOxxx 

XOR 

data 

EE yy 

XOR 

(HL) 

AE 
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Table 7-3. A Summary of Instruction Object Codes and Execution Cycles with 8080A Mnemonics 
for Identical Instructions (Continued) 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

8080A 

MNEMONIC 

8080A 

CLOCK 

PERIODS 

XOR (IX + disp) 

DO AE yy 

3 




XOR (lY + disp) 

FD AE yy 

3 




XOR reg 

lOIOIxxx 

1 


XRA reg 

4 


X represents an optional binary digit. 

bbb represents optional binary digits identifying a bit location in a register or memory byte. 

ddd represents optional binary digits identifying a destination register. 

sss repre,^ents optional binary digits identifying a source register. 

ppqq represents a four hexadecimal digit memory address. 

yy represents two hexadecimal data digits. 

yyyy represents four hexadecimal data digits. 

When two possible execution times are shown (i.e., 5/11). it indicates that 
the number of clock periods depends on condition flags. 

’Execution time shown is for one iteration. 
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THE Z80 INSTRUCTION SET 


We are going to describe the Z80 instruction set as an 8080A enhancement. Table 7-2 summarizes the Z80 in- 
struction set in the standard format used for all microcomputers in this book; unfortunately, the fact that the 
8080A instruction set is a subset of Table 7-2 is not immediately obvious, since a number of significant concep- 
tual differences exist between the Zilog and 8080A assembly language mnemonics. Table 7-3 therefore shows 
Z80 equivalents for every 8080A instruction. The few incompatibilities which exist are identified. 

Also because of Z80 mnemonics, the Zilog instruction set is not easily forced into the standard instruction 
categories that we have selected for consistency. In particular, Z80 mnemonics group Memory Reference, 
Register-Register Move and Immediate instruction into a single "Load and Exchange" category. The same holds 
true for Z80 Arithmetic and Logical instructions: in Table 7-2 these become Secondary Memory Reference, 
Register-Register Operate and Immediate Operate instructions. 

INPUT/OUTPUT INSTRUCTIONS 

these are the types of input/output instructions provided by the Z80: 

1) The standard 8080A IN and OUT instructions, whereby the second byte of instruction object code provides an 
I/O port address, which appears on Address Bus lines AO - A7. 

2) Register indirect Input and Output instructions. These instructions transfer data between Register A, B, C, D, E, 
H or L, and the I/O port identified by the contents of Register C. Thus the instruction; 

LD C.PORTN ;LOAD PORT NUMBER INTO REGISTER C 


IN D.(C) ;INPUT DATA FROM PORTN TO REGISTER D 

is equivalent to: 

IN A.fPORTN) 

LD D,A 

The I/O port address, now the contents of Register C, is output on AO - A7 in the usual way. 

3) Block Transfer I/O instructions. These instructions move a block of data between the I/O port identified by 
Register C and a memory location addressed by the H and L register pair. Register B is used as a block byte counter. 
After each byte of data within the block is transferred, the contents of Register B are decremented; you can specify 
block transfer I/O instructions that will either increment or decrement the memory address in Registers H and L. 
Here is a programming eJtample with the 8080A equivalent: 



Z80 


8080A 

LD 

B.COUNT 

MVI 

B.COUNT 

LD 

C.PORTN 

LXI 

H.START 

LD 

HLSTART LOOP: 

IN 

PORTN 

INIR 


MOV 

M.A 



INX 

H 



DCR 

B 



JNZ 

LOOP 


These instruction sequences input COUNT bytes from I/O port PORTN. and store the data in a memory buffer 
whose beginning address is START. COUNT and PORTN are symbols representing 8-bit numbers. START is an ad- 
dress label. The block transfer I/O instruction will continue executing until the B register has decremented to 0. 

4) Single Step Block Transfer I/O instructions. These are identical to the block transfer I/O instructions described in 
category 3 above, except that instruction execution ceases after one iterative step. Referring to the INIR instruction 
example, if the INIR instruction were replaced by an INI instruction, a single byte of data would be transferred from 
PORTN to the memory location addressed by START. The address START would be incremented. Register B con- 
tents would be decremented, then instruction execution would cease. 

When a block transfer or single step, block transfer I/O instruction is executed, C register contents, which identify the 
I/O port, are output on the lower eight Address Bus lines in the usual way; however, B register contents are output on 
the higher eight address lines A1 5 - A8. Therefore external logic can, if it wishes, determine the extent of the transfer. 

Let us now look at the advantages gained by having the new Z80 I/O instructions. 

The value of the Register Indirect I/O instructions is that programs stored in ROM can access any I/O port. If I/O 

port assignments change, then all you need to do is modify that small portion of program which loads the I/O port ad- 
dress into the C register. 
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The Block Transfer I/O instructions must be approached with an element of caution. In response to the execution 
of a single instruction’s object code, up to 256 bytes of data may be transferred between memory and an I/O port. This 
data transfer occurs at CPU speed — which means external logic must input. or output data at the same speed. If exter- 
nal logic cannot operate fast enough, it can insert Wait states in order to slow the CPU, but that takes additional logic: 
and one might argue that the traditional methods of polling on status to effect block I/O transfers is cheaper than 
adding extra Wait state logic. 

Note that all Z80 enhanced I/O instructions require two bytes of object code. 

PRIMARY MEMORY REFERENCE INSTRUCTIONS 

Instructions that we classify as Primary Memory Reference constitute a subset of the Load instructions, as classifed by 
Zilog. Within the Primary Memory Reference instructions category, as we define it, Zilog offers a singie enhan- 
cement: base relative addressing. Instructions that move data between a register and memory may specify the 
memory address as the contents of an Index register: plus an 8-bit displacement provided by the instruction object 
code. Here is a programming example of Zilog base relative addressing and the 8080A equivalent: 

Z80 8080A 


LD 

IX,BASE 

LXI 

KBASE 

LD 

C,(IX + DISP) 

LXI 

D,DISP 



DAD 

D 



MOV 

C,M 


Observe that the two Z80 instructions do not use any CPU registers — other than the IX Index register. The 8080A uses 
the DE and HL registers. Here is an example of the true value that results from having Index registers. The Z80 can use 
the DE and HL registers to store temporary data, which the 8080A cannot do: the 8080A would have to store such tem- 
porary data in external read/write memory. 

The biggest single advantage that accrues to the Z80 from having indexed addressing is the fact that well written Z80 
programs will contain far fewer memory reference instructions than equivalent 8080A programs: therefore Z80 pro- 
grams will execute faster. 

Other primary memory reference instructions provided by the Z80, and not present in the 8080A, include instructions 
which load data into the Index registers and store Index registers' contents in memory. Since the 8080A does not have 
Index registers, it cannot have memory reference instructions for them. The Z80 also has instructions which transfer 
16-bit data between directly addressed memory and any register pair, except AF. Recall that in the 8080A, HL is the 
only register pair which stores to memory and loads from memory using direct addressing. 

BLOCK TRANSFER AND SEARCH INSTRUCTIONS 

We classify the Zilog Block Transfer and Search instructions in a separate category, since our hypothetical com- 
puter, as described in Volume I, had no equivalent instructions. 

A Block Transfer instruction allows you to move up to 65,536 bytes of data between two memory buffers 
which may be anywhere in memory. The H and L registers address the source buffer, the D and E registers address 
the destination buffer, and the 8 and C registers hold the byte count. 

After every byte of data is transferred, the B and C registers' contents are decremented: instruction execution ceases 
after the B and C registers decrement to zero. You have the option of incrementing or decrementing the source and 
destination addresses following the transfer of each data byte. Thus you can transfer data from low to high memory, or 
from high to low memory. Here is a programming example of the Z80 Block Move instruction, along with the 8080A 
equivalent: 



Z80 

8080A 


LD 

BC.COUNT 

LXI 

B.COUN 

LD 

DE,DEST 

LXI 

D.DEST 

LD 

HLSRCE 

LXI 

H,SRCE 

LDIR 

LOOP: 

MOV 

A,M 



STAX 

D 



INX 

H 



INX 

D 



DCX 

B 



MOV 

A,B 



ORA 

C 



JNZ 

LOOP 


The two instruction sequences illustrated. above move a block of data, COUNT bytes long, from a buffer whose starting 
address is SRCE to another buffer whose starting address is DEST. SRCE and DEST are 1 6-bit address labels. COUNT is 
a symbol representing a 16-bit data value. 
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The Z80 - 8080A comparison above is one that makes the 8080A look particularly bad. This is because it emphasizes 
8080A weaknesses; the 8080A requires memory addresses to be incremented as separate steps. Also, after decrement- 
ing the counter in Registers B and C, status is not set, therefore BC contents are tested by loading B into A and ORing 
with C. 

You can use Block Move instructions in Z80 configurations that include dynamic memory. While the Block Move 
is being executed, dynamic memory is refreshed. 

The Block Search instruction will search a block of data in memory, looking for a match with the Accuniulator 
contents. The H and L registers address memory, while the B and C registers again act as a byte counter. When a 
match between Accumulator contents and a memory location is found, the Search instruction ceasds executing. After 
every Compare, the B and C registers’ contents are decremented; once again you have the option of either increment- 
ing or decrementing H and L registers' contents. Thus you can search a block of memory from high address down, or 
from low address up. 

The results of every step in a Block Search are reported in the Z and P/0 statuses. If a match is found between Ac- 
cumulator and memory contents, then Z is set to 1 ; otherwise Z will equal 0. When the B and C registers count out to 
zero, the P/0 status will be reset to 0; otherwise the P/0 status will equal 1. 

Here is an example of a program using the Z80 Block Search instruction, along with 8080A program equivalent: 



Z80 

8080A 


LD 

A.REFC 

LXI 

BC.COUNT 

LD 

BC.COUNT 

LXI 

HL.SRCE 

LD 

HL.SRCE LOOP: 

MVI 

A.REFC 

CPDR 


CMP 

M 

JR 

Z.FOUND 

JZ 

FOUND 

;NO MATCH FOUND 

DCX 

H 

- 


DCX 

B 

- 


MOV 

A.B 

;MATCH FOUND 


ORA 

C 

FOUND: 


JNZ 

LOOP 


;NO MATCH FOUND , 


;MATCH FOUND 
FOUND; - 


Each of the above instructidn sequences tries to match a character represented by the symbol REFC with the contents 
of bytes in a memory buffer. The memory buffer is origined at SRCE and is COUNT bytes long. 

In the example illustrated above, SRCE is the highest memory address for the buffer, which is searched towards the low 
memory address. FOUND is the label for the first instruction in the sequence which is executed if a match is found. If no 
match is found, that is, the BC registers count out to 0, program execution continues with the next sequential instruc- 
tion. 

The Z80 Block Search instruction is particularly useful when searching a large memory buffer for a byte that 
may frequently occur. Suppose you have an ASCII text in which Control codes have been imbedded. For the sake of 
argument, let us assume that all Control codes are two bytes long, where the first byte has the hexadecimal value 02 
and the second byte identifies the Control code. You can use one set of registers in order to search the text buffer for 
Control codes, while using the second set of registers to process the text buffer after each Control code has been lo- 
cated. 

All you need to do in the Block Search instruction sequence illustrated above is follow the CPDR instruction with an 
EXX instruction; after executing the instruction sequence following MATCH FOUND, again execute an EXX instruction 
before returning to search for the next Control code. 

Each of the Block Move and Block Search instructions has a single step equivalent, the single step instruction 
moves one byte of data, or compares the Accumulator contents with the next byte in a data buffer; addresses and 
counters are incremented and decremented as for the Block Move and Search instructions, however execution ceases 
after a single step has been completed. 
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SECONDARY MEMORY REFERENCE (MEMORY OPERATE) INSTRUCTIONS 

Instructions that we classify as Secondary Memory Reference, or Memory Operate, constitute a portion of the 
arithmetic and logical instructions, as defined by the Z80. Within the Memory Operate group of instructions, the 
single enhancement offered by the Z80 is a duplicate set of instructions that uses base relative addressing. We 
have already discussed this enhancement in connection with Primary Memory Reference instructions. Here is a pro- 
gramming example with the 8080A equivalent; 

Z80 8080A 

LD IX,BASE LXI H,BASE 

ADD (IX -I- DISP) LXI D.DISP 

DAD D 

ADD M 

The same comments we made regarding the use of indexed addressing in the Primary Memory Reference example ap- 
ply to the instruction sequences above. 

IMMEDIATE INSTRUCTIONS 

Within the group of instructions that we classify as Immediate, the Z80 offers two enhancements: 

1) Instructions are provided to load immediate data into the additional Z80 registers. 

2) You can use base relative addressing to load a byte of data immediately into read/write memory. 

JUMP INSTRUCTIONS 

In addition to the standard Jump instruction offered by the 8080A, the Z80 has a two-byte, unconditional 
Branch instruction, and two instructions which allow you to jump to the memory location specified by an Index 
register. 

The two indexed Jump instructions transfer the contents of the identified Index register to the Program Counter. 

The two-byte Jump instruction interprets the second object code byte as an 8-bit signed binary number, which is ad- 
ded to the Program Counter, after the Program Counter has been incremented to point to the next instruction. This is a 
standard program relative branch, as described in Volume I. 

Note that the Z80 uses many of the spare 8080A object codes to implement the two-byte Branch and Branch-on-Con- 
dition instructions. This makes sense: it would certainly not make much sense to have two bytes of object code 
followed by a single branch byte, since that would create a three-byte Branch instruction — offering no advantage over 
the three-byte Jump instructions which already exist. 

SUBROUTINE CALL AND RETURN INSTRUCTIONS 

The Z80 instructions in this group are identical to 8080A equivalents. 

IMMEDIATE OPERATE INSTRUCTIONS 

Z80 Immediate Operate instructions, as we define them, are identical to those in the 8080A instruction set. 

JUMP-ON-CONDITION INSTRUCTION 

The Z80 offers two significant Jump-on-Condition instruction enhancements over the 8080A: 

1) There are two-byte equivalents for four of the more commonly used Jump-on-Condition instructions. The 

two-byte Jump-on-Condition instructions execute exactly as described for the two-byte Jump instruction. 

2) There is a decrement and Jump-on-Nonzero instruction which is particularly useful in any kind of iterative loop. 
When this instruction is executed, the B register contents are decremented; if the B register contents, after being 
decremented, equal zero, the next sequential instruction is executed. If after being decremented the B register con- 
tents are not zero, then a Jump occurs. This is a two-byte instruction, where the Jump is specified by a single 8-bit 
signed binary value. 
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Here is an example of how the DJNZ instruction may be used along with the 8080A equivalent; 


Z80 


8080A 


AND 

A 


ANA 

A 

LD 

lX.VALA 


LXI 

D.VALA 

LD 

lY.VALB 


LXI 

H.VALB 

LD 

B.CNT 


MVI 

B.CNT 

LOOP; LD 

A.(IX) 

LOOP; 

LDAX 

D 

ADC 

A.(IY) 


ADC 

M 

LD 

(IX),A 


STAX 

D 

INC 

IX 


INX 

D 

INC 

lY 


INX 

H 

DJNZ 

LOOP 


DCR 

B 


JNZ LOOP 


The two instruction sequences illustrated above perform simple multibyte binary addition. The contents of two buffers, 
origined at VALA and VALB, are summed; the results are stored in buffer VALA^ 

The first instruction in each sequence is executed in order to clear the Carry status. Like the 8080A, the Z80 does not 
have an instruction which sets the Carry status to 0, while performing no other operation. 

REGISTER-REGISTER MOVE INSTRUCTIONS 

Register-Register Move instructions, as we defined them in this book, constitute a subset of the Z80 Load instructions. 
All Z80 Exchange instructions, except those that exchange with the top of the Stack, are also classified as Register- 
Register Move instructions. 

The Z80 enhancements within this instruction group apply strictly to the additional registers implemented 
within the Z80. That is to say, because the Z80 has registers which the 8080A does not have, the Z80 must also have 
instructions to move data in and out of these additional registers. 

The instructions which exchange data between registers and their alternates need comment. Note that you can swap 
the entire set of duplicated registers, or you can swap selected register pairs. If you use these instructions following an 
interrupt acknowledge, you do not have to save the contents of the registers on the Stack. Of course, this will only work 
for a single interrupt level. There are also occasions when the alternate set of registers can be used effectively in normal 
programming logic, as we illustrated when describing the Block Search instruction. 

REGISTER-REGISTER OPERATE INSTRUCTIONS 

There are a few new Z80 Register-Register Operate instructions which do the following: 

1) Add without Carry the contents of a register pair to an Index register. 

2) Add with Carry to HL the contents of a register pair. 

3) Subtract with Carry from HL the contents of a register pair. 

REGISTER OPERATE INSTRUCTIONS 

Within this category, the Z80 has two enhancements: 

1) You can increment or decrement the contents of an Index register. 

2) A rich variety of Shift and Rotate instructions have been added. These instructions are illustrated in Table 7-2. In 
particular, note the RLD and RRD instructions, which are very useful when performing multidigit BCD left and right 
shifts. 

BIT MANIPULATION INSTRUCTIONS 

The 8080A has no equivalent for this set of Z80 instructions. We give these instructions a separate category in Ta- 
ble 7-2 because of their extreme importance in microprocessor applications. 

Bit manipulation instructions are particularly important for signal processing. A single signal is a binary entity; it is not 
part of an 8-bit unit. One of the great oversights among microprocessor designers has been to ignore bit manipulation 
instructions. The Z80 has instructions that set to 1 (SET), reset to 0 (RES) or test (BIT) individual bits in memory 
or any general purpose register. The result of a bit test is reported in the Zero status. 
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Here are some Z80 instructions with 8080A equivalents; 


Z80 

BIT 4.A 


8080A 

MOV B,A 
ANI 10H 

MOV A.B 


The 8080A tests Accumulator bits destructively — all untested bits are cleared; Accumulator contents must therefore 
be saved before testing. We can also contrive an example to emphasize the strengths of the Z80 bit instructions; 



•Z80 


8080A 

LD 

lY.BASE 

LXI 

KBASE 

SET 

2,(IY + DISP) 

LXI 

D.DISP 



DAD 

D 



MVI 

A,4 



ORA 

M 


Once again, note that the 8080A needs to use the D. E. H and L registers. 

Note that all Z80 Bit instructions operate on memory or CPU registers. But in most microcomputer applications in- 
dividual pins at I/O ports will most frequently be set. reset or tested. The Z80 has no I/O Bit instructions. If you wish, 
you can interface I/O devices so that they are addressed as memory locations; however, in that case, you cannot use 
Block I/O instructions. 

The 8080A can do anything that a Z80 Bit Manipulation instruction can do but an additional Mask instruction is 
needed and the Accumulator is involved. On the surface these seem to be small penalties; but it is the frequency with 
which Bit Manipulation instructions are needed that escalates small penalties into major aggravations. 

STACK INSTRUCTIONS 

Additional Stack instructions provided by the Z80 allow the Z80 Index registers to be pushed onto the Stack, 
popped from the Stack, or exchanged with the top of the Stack. 

INTERRUPT INSTRUCTIONS 

In addition to the 8080A Interrupt instructions, the Z80 has two Return-from-Interrupt instructions. RETI and RETN are 
used to return from maskable and nonmaskable interrupt service routines, respectively. 

RETI and RETN are two-byte instructions. Within the CPU these instructions enable interrupts, but otherwise ex- 
ecute exactly as a Return-from-Subroutine (RET) instruction. However, devices designed by Zilog to support 
the Z80 CPU use the RETI and RETN instructions in a unique way. Any support device that has logic to request an 
interrupt also includes logic which tests the Data Bus contents during the low Ml pulse. Upon detecting the second 
byte of an RETI or RETN instruction's object code, a device which has had an interrupt request acknowledged deter- 
mines that the interrupt has been serviced. 

Why does a support device need to know that an interrupt service routine has completed execution? The reason is that 
Zilog extends interrupt priority arbitration logic beyond the interrupt acknowledge process to the entire interrupt ser- 
vice routine. 

This is the scheme adopted by the 8259 PICU. After reading the next paragraph, if you are still unclear on concepts, 
refer to the 8259 PICU discussion in the 8080A chapter. 

Consider the typical daisy chain scheme used to set interrupt priorities in a multiple interrupt microcomputer system. 
Daisy chaining has been described in good detail in Volume 1. When more than one device is requesting an interrupt, 
an acknowledge ripples down the daisy chain until trapped by the interrupt requesting device electrically closest to the 
CPU. As soon as the interrupt acknowledge process has ceased, an interrupt service routine is executed for the 
acknowledged interrupt; acknowledged external logic will now remove its interrupt request. Unless the CPU disables 
further interrupts, a lower priority device can immediately interrupt the service routine of a higher priority device. With 
the Zilog system, that is not the case. A device which has its interrupt request acknowledged continues to suppress in- 
terrupt requests from all lower priority devices in a daisy chain, until the second object code byte for an RETI or RETN 
instruction is detected on the Data Bus. The acknowledged device responds to an RETI or RETN instruction's object 
code by re-enabling interrupts for devices with lower priority in the daisy chain. 

Providing a Zilog microcomputer system has been designed to make correct use of the RETI and RETN instructions, in- 
terrupt priority arbitration logic vyill allow an interrupt service routine to be interrupted only by a high priority interrupt 
request. 
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Here is an illustration of the Zilog interrupt priority arbitration scheme: 


Lower priority 
interrupts 



Only IREQ1 can be 
acknov/ledged v/hile Device 2 
interrupt service routine is 
executing 


RETI instruction executed 
here enables interrupts at 
Devices 3 and 4. IREQ4 
can novy be acknovriedged 


The three IM instructions allow you to specify that the CPU will respond to maskable interrupts in Mode 0, 1 or 

2 , These three interrupt response modes have already been described. 

STATUS AND MISCELLANEOUS INSTRUCTIONS 

Z80 and 8080A instructions in these categories are identical. 

THE BENCHMARK PROGRAM 

Our benchmark program is coded for the Z80 as follows: 


LD 

BC.LENGTH 

;LOAD lO BUFFER LENGTH INTO BC 

LD 

DE. (TABLE) 

:LOAD ADDRESS OF FIRST FREE TABLE BYTE OUT OF FIRST TWO TABLE 



; BYTES 

LD 

HLIOBUF 

;LOAD SOURCE ADDRESS INTO HL 

LDIR 


;EXECUTE BLOCK MOVE 


The program above makes absolutely no assumptions. Both source and destination tables may have any length and 
may be located anywhere in memory. 

Notice that there is no instruction execution loop, since the LOIR block move will not stop executing until the entire 
block of data has been moved. 


SUPPORT DEVICES THAT MAY BE USED WITH THE Z80 

The Z80 signal interface is very close to that of the 8080A. When looking at Z80 signals we saw how they may be com- 
bined to generate 8080A equivalents. Thus 8080A support devices may be used with the Z80 CPU. Exceptions 
are the 8259 Priority Interrupt Control Unit and the TMS5501 multifunction device. 

The 8259 Priority Interrupt Control Unit should not be used with the Z80 CPU because the Z80 CPU provides essen- 
tially the same capabilities within the CPU chip itself. So far as signal interface is concerned, you could use an 8259 
with a Z80, but it would make no sense. 
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The TMS5501 cannot be used with a Z80 because it assumes status on the Data Bus — as output by the 8080A with- 
out an 8228 System Controller. 

The 8085 support devices — the 8155, the 8355 and the 8755 — are difficult to use with the Z80; you have to 
multiplex the low order eight Z80 address lines and the Z80 8-bit Data Bus to simulate the 8085 multiplexed bus lines. 
Logic needed to perform this bus multiplexing would likely be more expensive than discrete packages that implement 
individual functions provided by the 8155 and 8355 multifunction devices. 

Using MC6800 support devices with the Z80 is not practical. MC6800 support devices all require a synchronizing 
clock signal whose characteristics cannot be generated simply from the Z80 clock signal. 

With the exception of the Z80 DMA device, Z80 support devices (whic h we are ^out to describe) are not 
general-purpose devices. The Z80 PIO, SIO, and CTC devices decode the Ml . lORQ, and RD control signals to identify 
a number of functions. Table 7-4 defines the manner in which these signals are decoded. Were you to use the Z80 PIO, 
SIO, or CTC with any other microp roces sor, you would have to multiplex the other microprocessor's control signals in 
order to create equivalents of Ml, lORQ, and RD; this may not be straightforward. 


Table 7-4. Z80 PIO Interpretation of Control Signals 


1 SIGNALS 

FUNCTIONAL INTERPRETATION * 

mm 

iwitwi 

■aa 

0 

0 

0 

No function 

0 

0 

1 

Interrupt acknowledge 

0 - 

1 

0 

Check for end of interrupt service routine 

0 

1 

1 

Reset 

■I 

0 

0 

Read from PIO to CPU 

n 

0 

1 

Write from CPU to PIO 

n 

1 

0 

No function 

n 

1 

1 

No function 


* These interpretations only apply if the device has been selected 


Z80 support devices also rely on exact Z80 CPU characteristics for interrupt processing. Specifically, Z80 support 
devices detect every instruction fetch, as identified by Ml and RD simultaneously low; if a return from interrupt object 
code is fetched, then Z80 support devices respond to this object code by resetting internal interrupt pridrjty logic. Ac- 
counting for this end of interrupt logic in a non-Z80 system could be difficult. 

Because of the unique characteristics of the Z80 support devices, the Z80 PIO and CTC devices are described in 
this chapter. The Z80 DMA device is described in Volume 3, however, because this device is easily used in non-Z80 
configurations; moreover, its unique capabilities make it a highly desirable part to include in any microcomputer 
system that has to move text or data strings. The Z80 SIO device is also described in Volume 3 because it is an ex- 
ceptionally powerful device; in many cases the power of the Z80 SIO device will compensate for the additional logic it 
will demand in a non-Z80 microcomputer system. 


THE Z80 PARALLEL I/O INTERFACE (PIO) 

r 

The Z80 PIO is Zilog's parallel interface device; it may be looked upon as a replacement for the 8255 PPI, but it 
is equivalent to the PPI at a functional level only. No attempt has been made to make the Z80 PIO an upward 
compatible replacement for the 8255 PPI. 

The Z80 PIO has 16 I/O pins, divided into two 8-bit I/O ports. Each I/O port has two associated control lilies. 
This makes the Z80 PIO more like the Motorola MC6820 than the 8255 PPI. 

The two Z80 PIO I/O ports may be separately specified as input, output or control ports. When specified as a 
control port, pins may be individually assigned to input or output. Port A may be used as a bidirectional I/O port. 

The Z80 PIO also provides, a significant interrupt handling capability. This includes: 

- The ability to define conditions which will initiate an interrupt. 

- Interrupt priority arbitration 

- Vectored response to an interrupt acknowledge 

Figure 7-1 6 illustrates that part of our general microcomputer system logic which has been Implemented on the 
Z80 PIO. 
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The Z80 PIO is packaged as a 40-pin DIP. It uses a single -f 5V power supply. All inputs and outputs are TTL-level 
compatible. The device is fabricated using N-channel silicon gate depletion load technology. 



Figure 7-16. Logic Functions of the Z80 PIO 


Z80 PIO PINS AND SIGNALS 

Z80 PIO pins and signals are illustrated in Figure 7-17. Signals are very straightforward; therefore their functions 
will be summarized before we discuss device characteristics and operation. 

Let us first consider the PIO CPU interface. 

All data transfers between the PIO and the CPU occur via the Data Bus, which connects to pins DO - D7. 

For the PIO to be selected, a low input must be present at CE. Th^e are two additional address lines. B/A SEL 
selects Port A if low and Port B if high. For the selected I/O port, C/D SEL selects a data buffer when low and a 
control buffer when high. Device select logic is summarized in Table 7-5. 
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Table 7-5. Z80 PIO Select Logic 


1 SIGNAL 1 

SELECTED LOCATION 

CE 

B/A SEL 

C/D SEL 

0 

0 

0 

Port A data buffer 

0 

0 

1 

Port A control buffer 

0 

1 

. 0 

Port B data buffer 

0 

1 

1 

Port B control buffer 

1 

X 

X 

Device not selected 


Z80 ^ device control l ogic is not straightforward. Of the control signals output by the Z80 CPU, three are input to the 
PIO; M 1. lORQ, and RD. WR i^^not input to the PIO. Table 7-5 illustrates the way in which Z80 PIO interprets Ml, 
lORQ and RD. Observe that RD is being treated as a signal with two active states: low RD specifies a r ead operation, 
whereas high RD specifies a write operation. This does not conform to the CPU, which treats RD and WR as signals 
with a low active state only. 

Let us now look at the PIO external logic interface. 

AO - A7 rep resent the eight bidirectional I/O Port A lines: I/O Port A is supported by two control signals, A RDY 
and A STB. 

Similarly, I/O Port B is implemented via the eight bidirectional lines BO - B7 and the two associated control lines 
B RDY and B STB. 

The I/O Port A and B control lines provide handshaking logic which we will describe shortly. 


Now consider interrupt control signals. 

lEI and lEO are standard daisy chain interrupt priority signals. When more than one PIO is present in a system, the 
highest priority PIO will have lEI tied to +5V and will connect its lEO to the lEI for the next highest priority PIO in the 
daisy chain: 


+ 5V 


lEI lEO 
PIO 
1 


Highest 

(first) 

priority 


X-1 

lEI lEO 
PIO 
2 


Second 

priority 


1_£ 

lEI lEO 

PIO 

3 


Third 

priority 


lEI lEO 
PIO 
n 


Lowest 

priority 


No connection 


If you are unsure of daisy chain priority networks, refer to Volume 1 for clarification. 

INT is a standard interrupt request signal which is output by the Z80 PIO and must be con necte d as an input to the 
Z80 CPU interrupt request. Observe that there is no interrupt acknowledge line, since Ml and lORQ simultaneously low 
constitute an interrupt acknowledge and will thus be decoded by the Z80 PIO. 

Clock, power, and ground signals are absolutely standard. The same clock signal is used by the PIO and the Z80 
CPU. 

Observe that there is no Reset signal to the PIO. Mi low with both RD and lORQ high constitutes a reset. We will 
describe the effect of a Z80 PIO reset after discussing operating modes. 
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PIN NAME 

DESCRIPTION 

TYPE 

D0-D7 

Data Bus 

Tristate, Bidirectional 

CE 

Device Enable 

Input 

B/A SEL 

Select Port A or Port B 

Input 

C/D SEL 

Select Control or Data 

Input 

Ml 

Instruction fetch machine cycle 

Input 


signal from CPU 


lORQ 

Input/Output request from CPU 

Input 

RD 

Read cycle status from CPU 

Input 

AO- A7 

Port A Bus 

Tristate, Bidirectional 

A RDY 

Register A Ready 

Output 

A STB 

Port A strobe pulse. 

Input 

BO - B7 

Port B Bus 

Tristate, Bidirectional 

B RDY 

Register B Ready 

Output 

B STB 

Port B strobe pulse 

Input 

<EI 

Interrupt enable in 

Input 

lEO 

Interrupt enable out 

Output 

INT 

Interrupt request 

Output, Open-drain 

4>, + 5V,GND 

Ciock, Power and Ground 


Figure 7 

-17. Z80 PIO Signals and Pin 

Assignments 
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Z80 PIO OPERATING MODES 

To the programmer, a Z80 PIO will be accessed as four addressable locations: 


Data Bus 


D0-D7 





By loading appropriate information into the Control register you determine the mode in which the I/O port is to 
operate. 

The Z80 PIO has operating modes which are equivalent to those of the 8255 PPI, plus an additional mode which 
the 8255 PPI does not have. However, 8255 PPI Mode 0 provides 24 I/O lines, as against a maximum of 16 I/O lines 
available with the Z80 PIO. 

Zilog literature uses Mode 0. Mode 1 , Mode 2, and Mode 3 to describe the ways in which the Z8p PIO can operate: in 
order to avoid confusion between mode designations as used by the Z80 PIO and the 8255 PPI, mode equivalences are 
given in Table 7-6. 


Table 7-6. Z80 PIO And 8255 Mode Equivalences 


Z80 PIO 

8255 PPI 

INTERPRETATION 

Mode 3* 

Mode 0 

Simple input or output 

Mode 0 

Mode 1 

Output with handshaking 

Mode 1 

Mode 1 

Input with handshaking 

Mode 2 

Mode 2 

Bidirectional I/O with handshaking 

Mode 3 

None 

Port pins individually assigned as con- 
trols 


'Special case of Mode 3 


Let us now look at the Z80 PIO modes in more detail. 

Output mode (Mode 0) allows Port A and/or Port B to be used as a conduit for transferring data to external logic. 
Figure 7-18 illustrates timing for Mode 0. An output c ycle is initiated when the CPU executes any Output instruction 
accessing the I/O port. The Z80 P IO do es not receive the WR pulse from the CPU, therefore it derives an equivalent sig- 
nal by ANDing RD • CE • C/D • lORQ. 

This pseudo write pulse (WR* in Figure 7-18) is used to strobe data off the Data Bus and into the addressed I/O port's 
Output register. After the pseudo write pulse goes high, on the next high-to-low transition of the clock pulse O, the 
RDY control signal is output high to external logic. RDY remains high until external logic returns a low pul se o n the STB 
acknowledge. On the following high-to-low clock pulse 4> transition, RDY returns low. The low-to-high STB transition 
also generates an interrupt request. 
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Figure 7-18. Mode 0 (Output) Timing 


The RDY and STB signal transition logic has b een designed to let RDY create STB. If you connect these two signals, the 
RDY low-to-high transition becomes the STB low-to-high transition and RDY is strobed high for one clock pulse only. 
This may be illustrated as follows; 



Timing for input mode (Mode 1) is illustrated in Figure 7-19, External logic initiates an input cycle by pulsing STB 
low. This lo w pu lse causes the Z80 PIO to load data from the I/O port pins into the port Input register. On the rising 
edge of the STB pulse an interrupt request will be triggered. 

On the falling edge of the O clock pulse which follows STB input high, RDY will be output low informing external logic 
that its data has been received but has not yet been read. RDY will remain low until the CPU has read the data, at which 
time RDY will be returned high. 

It is up to external logic to ensure that data is not input to the Z80 PIO while RDY is low. If external logic does in- 
put data to the Z80 PIO while RDY is low, then the previous data will be overwritten and lost — and no error status will 
be reported. 

In bidirectional mode (Mode 2), the control lines supporting I/O Ports A and B are both applied to bidirectional 
data being transferred via Port A; Port B must be set to bit control (Mode 3). 

Figure 7-20 illustrates timing for bidirectional data transfers. This figure is simply a combination of Figures 7-18 and 
7-19 where the A control lines apply to data output while the B control lines apply to data input. The o nly un ique 
feature of Figure 7-20 is that bidirectional data being output via Port A is stable only for the duration of the A STB low 
pulse. This is necessary in bidirectional mode since the Port A pins must be ready to receive input data as soon as the 
output operation has been completed. 

Once again, it is up to external logic to make sure tha t it con forms with the timing requirements of bidirectional mode 
operation. External logic must read output data while A STB is low. If external logic does not read data at this time, the 
data will not be read and the Z80 PIO will not report an error status to the CPU; there is no signal that external logic 
sends back to the Z80 PIO following a successful read. 
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Also, it is up to external logic to make sure that it transmits data to Port A only while B RDY is high and A RDY is low. If 
external logic tries to input data while the Z80 PIO is outputting data, input data will not be accepted. If external logic 
tries to input data before previously input data has been read, the previously input data will be lost and no error status 
will be reported. 



RD*= RD • Cf • CTcT • lORQ 



Figure 7-20. Port A, Mode 2 (Bidirectional) Timing 


Control mode (Mode 3] does not use control signals. You must define every pin of an I/O port in Mode 3 as an in- 
put or an output pin. The section on programming the Z80 PIO explains how to do this. Timing associated with the ac- 
tual transfer of data at a single pin is as illustrated in Figures 7-1 8 and 7-1 9, ignoring the RDY and STB signals. If all the 
pins of a single port are defined in the same direction, then that port can be used for simple parallel input or output 
(without handshaking). 

Z80 PIO INTERRUPT SERVICING 

The Z80 PIO has a single interrupt request line via which it transmits interrupt requests to the CPU. 

An interrupt request can originate from I/O Port A logic, or from I/O Port B logic. In the case of simultaneous in- 
terrupt requests, I/O Port A logic has higher priority. 

An interrupt request may be created in one of two ways. We have already seen in our discussion of Modes 0, 1 and 2 
that appropriate control signal transitions will activate the interrupt request line; that is the first way in which an inter- 
rupt request may occur. In Mode 3 you can program either I/O port to generate an interrupt request based on the status 
of signals at individual I/O port pins; you can specify which I/O port pins will contribute to interrupt request logic and 
what the pin states must be for the interrupt request to occur. In a microcomputer system that has more than one Z80 
PIO, interrupt priorities are arbitrated using daisy chain logic as we have already described. But there is a significant 
difference between priority arbitration within a Z80 system as compared to typical priority arbitration. Figure 7-21 ih 
lustrates interrupt acknowledge timing. 
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Figure 7-21. Interrupt Acknowledge Timing 


The Z80 PIO requires the CPU to execute an RETI instruction upon concluding an interrupt service routine. 

Following an interrupt, an acknowledged Z80 PIO continously scans the Data Bus whenever Ml is pulsed low. Until an 
RETI instruction's object code is detected, the acknowledged Z80 PIO will continuously output lEO low, thus disabling 
all lower priority Z80 PIOs. As soon as an RETI instruction's object code is detected on the Data Bus, the Z80 PIO will 
output lEO high, thus enabling lower priority Z80 PIOs. What this means is that interrupt priorities extend to the inter- 
rupt service routine as well as the interrupt request arbitration logic. Once an interrupt has been acknowledged, all 
lower priority interrupt requests will be denied until the acknowledged interrupt service routine has completed execu- 
tion and has executed an RETI instruction. Flowever, higher priority interrupts can be acknowledged and in turn inter- 
rupt an executing service routine. This is identical to the priority arbitration logic which we described for the 8259 
PICU. 

You can, if you wish, enable lower priority interrupts by executing an RETI instruction before an interrupt service 
routine has completed execution. But this requires that you execute an RETI instruction in order to return from a 
subroutine within the interrupted service routine. This instruction sequence may be illustrated as follows: 

;START OF INTERRUPT SERVICE ROUTINE 


CALL ENABLE ;ENABLE ALL INTERRUPTS AT PIO DEVICES 


RET ;END OF INTERRUPT SERVICE ROUTINE 

ENABLE RETI 

If you simply executed an RETI instruction shortly after entering an interrupt service routine, you would make a hasty 
exit from the routine — before completing the tasks that have to be performed in response to the acknowledged inter- 
rupt, 

PROGRAMMING THE Z80 PIO 

You program the Z80 PIO by outputting a series of commands. 

Let us start by identifying command format. 

If the 0 bit of a command is low, then the receiving I/O port logic will interpret the command as an interrupt vec- 
tor, with which it must respond to an interrupt acknowledge, assuming that the CPU is operating in interrupt Mode 2: 
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Do not confuse CPU interrupt modes with I/O port modes; they have nothing in common. 

In order to define an I/O port's mode you must output a Control code to the I/O port's Control buffer. This is the 
Control code format: 


7 6 5 4 3 2 1 0 — < Bit No. 



Control Code 


Mode Select Code 
Don't Care 

00 Output, Mode 0 

01 Input, Mode 1 

10 Bidirectional, Mode2 

1 1 Control, Mode 3 


Observe that the same address, the I/O Port A or B Control buffer address, is used when outputting a Control code, an 
interrupt vector, or a mode select. The low-order four bits of the Control code determine the way in which the Control 
code will be interpreted. The following Control code will enable or disable interrupts: 


7 6 5 4 3 2 


■Bit No. 



Control Code 


Interrupt enable control 
Don't Care 

0 Disable interrupts 

1 Enable interrupts 


If a Mode Select Control code is output specifying that an I/O port will operate in Mode S, then the next byte 
output is assumed to be a pin direction mask. 1 identifies an input pin, whereas 0 identifies an output pin. Here is a 
sample instruction sequence: 


LD C, (PORT AC) 

LD A,0CFH 

OUT {C),A 

LD A,3AH 

OUT (C),A 


LOAD PORT A CONTROL ADDRESS INTO REGISTER C 
LOAD MODE 3 SELECT INTO ACCUMULATOR 
OUTPUT TO PORT A CONTROL REGISTER 
DEFINE PINS 5, 4, 3 AND 1 AS INPUTS, 

PINS 7, 6, 2 AND 0 AS OUTPUTS 


If you set an I/O port to Mode 3, then you can define the conditions which will cause an interrupt request; you 
do this by outputting the following interrupt Control code: 


7 6 5 4 3 2 1 0 



'Bit No. 
Control Code 


interrupt control word 
1 if interrupt select mask follows 

0 otherwise 

1 high input on selected pins is active 

0 low input on selected pins is active 

1 AND selected pins for interrupt 

0 OR selected pins for interrupt 

1 Enable interrupts 
0 Disable interrupts 
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When you output an interrupt Control code, as illustrated above, if bit 4 is 1, Z80 PIO logic will assume that the next 
Control code output is an interrupt mask. An interrupt mask selects the pins that will contribute to interrupt request 
logic. A O bit selects a pin, while a 1 bit deselects the pin. 

Combining the various Control codes that have been described we can now illustrate a typical sequence of instructions 
for accessing a Z80 PIO. Assume that PIO I/O port addresses are; 

Port A data 4 

Port A command 5 

Port B data 6 

Port B command 7 

We are going to set I/O Port B to Mode 3, with an interrupt request triggered by either pin 6, 3 or 2 high. Pins 6, 3, 2 
and 1 will be input pins, while pins 7, 5, 4 and 0 are outputs. The Port B interrupt vector will be 04. Port A will be a 
bidirectional I/O port with an interrupt vector of 02. Here is the initialization instruction sequence; 


LD 

A,8FH 

;SET PORT A TO MODE 2 

OUT 

(5),A 


LD 

A,2 

iOUTPUT INTERRUPT VECTOR 

OUT 

(5).A 


LD 

C,7 

;SET PORT B ADDRESS IN C 

LD . 

A.OCFH 

:SET PORT B TO MODE 3 

OUT 

(C).A 


LD 

A,4EH 

;OUTPUT PIN DIRECTION MASK 

OUT 

(C),A 


LD 

A,4 

;OUTPUT INTERRUPT VECTOR 

OUT 

(C),A 


LD 

A.0B7H 

;OUTPUT INTERRUPT CONTROL WORD 

OUT 

(C),A 


LD 

A.0B3H 

;OUTPUT INTERRUPT MASK 

OUT 

(C),A 



THE Z80 CLOCK TIMER CIRCUIT (CTC) 


The Z80 Clock Timer Circuit is a programmable device which contains four sets of timing logic. Each set of tim- 
ing logic can be programmed independently as an interval timer or an external event counter. 

The master Z80 system clock is used by interval timer logic. A time out may be identified by an interrupt request. 

An external signal is used to trigger decrement logic when the timer is functioning as an event counter. An interrupt 
may be requested when the predetermined number of events count out. 

If you compare the Z80 CTC with the 8253 Counter/Timer described in Chapter 4, you wili see that the Z80 CTC 
has four sets of counter/timer iogic as compared to the three sets of the 8253; however the 8253 has more pro- 
grammable options. In addition to functioning as an event counter or an interval timer, the 8253 can be programmed to 
generate a variety of square vyaves and pulse output signals. 

The Z80 CTC is fabricated using N-channei depletion load technology. It is packaged as a 28-pin DIP. All pins are 
TTL-level compatible. 

Z80 CTC FUNCTIONAL ORGANIZATION 

Before we examine pins, signals, and operating characterics of the Z80 CTC in detail, let us take an overall look 
at device logic. 

There are four counter/timer logic elements in a Z80 CTC; each is referred to as a ''channel”. 
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Each of the four counter/timer channels may be visualized as consisting of three 8-bit registers and two control 
signals. This may be illustrated as follows; 


z 

DC 

o 

DO 

M 

O 

S 

< 

o 

< 



An initial counter or timer constant is loaded into the Time Constant register. The value in the Time Constant 
register is maintained unaltered until you write a new value into this register. 

The initial Timer Constant is loaded into the Down Counter register at the beginning of a counter or timer opera- 
tion; the contents of the Down Counter register are decremented. You can at any time read the contents of the Down 
Counter register in order to determine how far a time interval or event counting sequence has progressed. 

The Channel Control register contains a Control code which defines the channel's programmable options. There 
are four Control registers, one for each of the four channels. Thus one channel’s operations in no way influence opera- 
tions for any other channel. 

There is an Interrupt Vector register which is addressed as though it were part of channei 0 logic. This register 
contains the address which is transmitted by the Z80 CTC upon receiving an interrupt acknowledge. The Z80 

CTC assumes that the Z80 CPU is operating in Interrupt mode 2 — in which mode the device requesting an interrupt 
responds to an acknowledge by providing the second byte of a subroutine address which the CPU will Call. For details 
refer to our earlier discussion of the Z80 CPU. 

Z80 CTC PINS AND SIGNALS 

Z80 CTC pins and signals are illustrated in Figure 7-22. 

DO - D7 is the bidirectional Data Bus via which parallel data is transferred between the CPU and any register of the 
Z80 CTC. 

CE is the master chip select signal for the Z80 CTC. This signal must be low for the device to be selected. 
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PIN NAME 

DESCRIPTION 

TYPE 

D0-D7 

Data Bus 

Bidirectional, tristate 

CLX/TRGO, \ 



CLK/TRQ1, f 



CLK/TRG2, / 

External Clock or timer trigger 

Input 

CLK/TRG3, 1 



ZC/TOO \ 



ZC/T01 > 

Zero Count or timeout indicator 

Output 

ZC/T02 j 



Ml 

Instruction fetch machine cycle 

Input 


signal from CPU 


lORQ 

Input/Output request from CPU 

Input 

RD 

Read cycle status from CPU 

Input 

RESET 

Device Reset 

Input 

lEI 

Interrupt enable in 

Input 

lEO 

Interrupt enable out 

Output 

INT 

Interrupt request 

Output, Open-drain 

CE 

Device enable 

Input 

CSO, CS1 

Register select 

Input 

<t>, + 5V, GND 

Clock, pov/er and ground 



Figure 7-22. Z80-CTC Signals and Pin Assignments 
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CSO and CS1 select registers associated with counter/timer logic, to be accessed by read and write operations. The ac- 
tual register which will be accessed is determined as follows; 



again on next write 

(If Channel = 0, select on next 

write according to X.) 

As the illustration above would imply, the Down Counter register is the only location of any channel whose contents 
can be read. All other registers are write only locations. 

When you write to a channel, bits 0 and 2 of the data byte being written determine the data destination as follows: 

1) If bit 0 is 0 and you are selecting channel 0, then the data is written to the Interrupt Vector register. 

2) If bit 0 is 0 and you select channel 1, 2 or 3, the data destination is undefined. 

3) If bit 0 is 1, then on the first access of any channel the data will be written to the Channel Control register. 

4) If within the data byte written to a Channel Control register bit 0 is 1 and bit 2 is 0, then the next data byte written 

to this channel will be loaded into the Time Constant register, irrespective of whether bit 0 is 0 or 1 . The data writ- 
ten will be interpreted as a time constant: select logic will immediately revert to selecting the Channel Control 
register or the Interrupt Vector register on the next write, depending on the condition of bit 0 of the next data byte. 

Ml, lORQ and RD are three control signals input to theZSO CTC. Combinations of these three control signals control 
logic within the Z80 CTC, as described for the Z80 PIO. An exc eptio n is the device Reset. The Z80 CTC has its 

own RESET input. The PIO decodes a Reset when Ml is low while lORQ and RD are high. With the exception of the 
RESET function. Table 7-4 defines the manner in which the Z80 CTC interprets Ml, lORQ, and RD signals. 

Interrupt logic has three associated signals; lEI, lEO and I NT. These signals operate exactly as described for the 
Z80 PIO. 

The Z80 CTC requests an interrupt with a low INT output. 

lEI and lEO are used to implement daisy chain priority interrupt logic as described for the PIO. 

Each of the four counter/timer channels has a CLK/TRG input control. This signal can be used to trigger timer logic; 
it is also used as a decrement control by counter logic. 

Counter/timer logic channels 0, 1 and 2 have a ZC/TO output. This signal is pulsed high on a time out or a count out. 

When a low input is applied to the RESET pin, the Z80 CTC is reset. At this time all counter/timer logic is stopped, 
INT is output high, lEO is output at the lEI level and the Data Bus is floated. Register contents are not cleared during a 
reset. " ^ 

Z80 CTC OPERATING MODES 

The Z80 CTC is accessed by the CPU as four I/O ports or four memory locations. Timing for any CTC access con- 
forms to descriptions given earlier in this chapter for the CPU. 

Let us begin by looking at a counter/timer operating as a timer. 
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Using an appropriate Control code (described later) you select Timer mode for the channel and specify that an initial 
time constant is to follow. 

You load an initial constant into the Time Constant register, after which timer operations begin. 

You have the option of using the CLK/TRG input to start the timer, in which case timer logic is initiated by external 
logic. The alternative is to initiate the timer under program control, in which case the timer starts on the clock pulse 
following the Time Constant register being loaded. 

When timer operations begin, the Time Constant register contents are transmitted to the Down Counter register. The 
Down Counter register contents are decremented on every 16th system clock pulse, or on every 256th system clock 
pulse. You make the selection via the Control code. Assuming a 500 nanosecond clock, therefore, the timer will decre- 
ment the Down Counter register contents every 8 microseconds, or every 128 microseconds. 

When timer logic decrements the Down Counter register contents from 1 to 0 a time out occurs. At this time ZC/TO is 
pulsed high, the Time Constant register contents are reloaded into the Down Counter register and timer logic starts 
again. Thus timer logic is free running; once started, the timer will run continuously until stopped by an appropriate 
Control code. 

Here is a timing example for a timer started under program control and decrementing the Down Counter register on ev- 
ery 16th clock pulse: 


T 2 3 4 15 16 1 15 16 1 15 16 1 2 

cl) 


ZC/TO 


INT 


Down Counter Register 
Decrements from 1 to 0. 

Retoad Down Counter from 
Time Constant Register and 
restart timer 

Here is a timing example for a timer whose operations are initiated by CLK/TRG. where the Down Counter register con- 
tents are decremented on every 256th clock pulse; 


Output 

Control 

Code 


Output 

Initial 

Time 

Constant 


Time Constant Decrement 

to Down Counter Down Counter 

Register, Start Register 

Timer 




Output 

Output 

Tims 

Decrement 

Down Counter 

Restart 

Control 

initial 

Constant 

Down Counter 

Register decrements 

Timer 

Code 

time 

constant 

to Down 

Counter 

Register, 

Start 

Timer 

Register 

■ from 1 to 0. 

Reload Down 

Counter from 

Time Constant 

register 
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Observe that every time out is marked by a ZC/TO high pulse. INT is also output low providing interrupt logic is enabled 
at the channel. 

In the illustration above CLK/TRG is shown as a high true signal. You can specify CLK/TRG as a low true signal via the 
Channel Control code: the timer will be initiated as follows: 


— \_/~Ucd — A_r 


CLK/TRG 



For exact timing requirements see the data sheets at the end of this chapter. 

' You can at any time write new data into the Time Constant register. If you do this while the timer is running, nothing 
happens until the next time out: at that time the new Time Constant register contents will be transferred to the Down 
Counter register and subsequent time intervals wjN be computed based on the new Time Constant register contents. 

If you are unfortunate enough to output data to the Time Constant register while a time out is in progress and the Time 
Constant register contents are being transferred to the Down Counter register, then an undefined value will be loaded 
into the Down Counter register: however, following the next time out the new value in the Time Constant register will 
apply: that is to say, there will only be one undefined time interval. 

Let us now look at a counter/timer operating as a counter. 

Using an appropriate Control code (described later) you select Counter mode for the channel and specify that an initial 
time constant is to follow. 

You load an initial constant into the Time Constant register, after which counter operations begin. 

When counter operations begin, the Time Constant register contents are transmitted to the Down Counter register. The 
Down Counter register contents are decremented every time the CLK/TRG input makes an active transition. Counter 
logic begins on the first active transition of CLK/TRG following data being loaded into the Time Constant register. The 
active transition of CLK/TRG may be selected under program control as low-to-high or high-to-low. 

When counter logic decrements the Down Counter register contents from 1 to 0, a count out occurs. At this time the 
ZC/TO signal is pulsed high: an interrupt request occurs, providing the channel's interrupt logic has been enabled. The 
Time Constant register contents are reloaded into the Down Counter register and counter operations begin again. That 
is to say, counter logic is free running and yvjll continue to re-execute until specifically stopped by an appropriate Con- 
trol code. Counter logic timing may be illustrated as follows: 


Control Initial 


Counter 


Code 


Time 

Constant 


Dov;n Counter 
Register 


register 
decrements 
from 1 to 0 



Counter 
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Z80 CTC INTERRUPT LOGIC 

Every Z80 CTC channel has its own interrupt logic. A channel's interrupt logic generates an interr upt request 
when the channel counts out or times out. All interrupt requests are transmitted to the CPU via the INT output. 
This is true if one, or more than one channel is requesting an interrupt. If more than one channel is requesting an 
interrupt, then priorities are arbitrated as follows: 

Highest Priority Channel 0 
Channel 1 
Channel 2 
Lowest Priority Channel 3 

Every channel’s interrupt logic can be individually enabled or disabled under program control. 

The Z80 CTC device's overall interrupt logic is identical to that which we have already described for the Z80 
PIO. 

The interrupt request is transmitted to the CPU via a low INT signal. 

The CPU acknowledges the interrupt by outputting Ml and lORQ low as illustrated in the data sheets at the end of this 
chapter. 

The device requesting an interrupt which is highest in the daisy chain acknowledges the interrupt. Presuming this is a 
Z80 CTC, the CTC places its interrupt vector on the Data Bus; it is assumed that the CPU is operating in Interrupt mode 
2. The Z80 CTC immediately outputs lEO low, disabling all devices below it in the daisy chain. 

When an RETI instruction is executed, Z80 CTC logic sets lEO high again. 

For more information on Z80 interrupt logic refer to discussions of this subject given earlier in the chapter for the Z80 
CPU and the PIO. 

PROGRAMMING THE Z80 CTC 

These are the steps required to program a Z80 CTC: 

1) Output an interrupt vector once, when initializing the Z80 CTC. 

2) For each active counter/timer channel, output one or more Control codes. Control codes are used initially to 
set counter/timer operating conditions and to load the Time Constant register. Subsequently Control codes 
are used to start and stop the counter/timer, or to change the initial time constant. 

The interrupt vector is written to a counter/timer by outputting a byte of data to counter/timer channel 0 with a 0 in the 
low order bit. The interrupt vector may be illustrated as follows: 

Bit No. 

Interrupt Vector' 


Must be 0 to identify Interrupt Vector 
Ignored by Z80 CTC v/hich substitutes 
bits as follov/s; 

0 0 for Channel 0 interrupt 

0 1 for Channel 1 interrupt 

1 0 for Channel 2 interrupt 
1 1 for Channel 3 interrupt 
Address bits stored 


7 6 5 4 3 2 1 0 
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The Control code which must be output to each active channel will be interpreted as iilustrated in Figure 7-23. 

I 7 6 5 4 3 2 1 0 - ^ - - Bit No. 

Control code 

Must be 1 to identify data as a Control code 

RESET 1 stops channel immediately or 
0 leaves it running 

LOAD 1 Next data output is a time constant to be loaded into 
the Time Constant register. If counter/timer is not 
running, do not start until time constant has been written. 

0 No time constant follows. 

TRIGGER 1 If timer is stopped, start on CLK/TRG ) Timer Mode 

0 If timer is stopped, start on •!> ) Only 

SLOPE 1 CLK/TRG positive edge triggered 
0 CLK/TRG negative edge triggered 

RANGE 1 Decrement Down counter every 256th d> pulse.l Timer Mode 
0 Decrement Down counter every 1 6th O pulse. J Only 
MODE 1 Counter mode 
0 Timer mode 

IE 1 Enable channel interrupt 

0 Disable channel interrupt 

Figure 7-23. Z80 CTC Control Code Interpretation 

Bit 0 must be 1 to identify the data as a Control code. If bit 0 is 0, then the data is interpreted as an interrupt vector — 
providing Channel 0 is addressed; the data is undefined otherwise. 

Bit 1 is used to stop the channel when it is running. If bit 1 is 0, then every time the channel times out the Down 
Counter register is immediately reloaded from the Time Constant register contents and channel operations restart ac- 
cording to current options. If bit 1 is 1 , the channef stops immediately: the ZC/TO output is inactive and channel inter- 
rupt logic is disabled. The channel must be restarted by outputting a new Control code. 

Bit 2 is used to output time constants. If bit 2 is 1 , then the next data output to the channel will be interpreted as a time 
constant. If bit 2 is 0, then the next data output to the channel will be interpreted as another Control code, or an inter- 
rupt vector, depending on the bit 0 value. 

Bit 3 applies to Timer mode only; assuming that the timer is not running, it determines whether timer operations will be 
initiated by the system clock signal O, or by CLK/TRG. 

If bit 3 is 0 then timer operations are initiated by system clock signal <!>; the timer will start on the next leading edge of 
«I>, unless the current Control code specifies (via bit 2) that a new time constant is to be output, in which case the timer 
will start on the rising edge of which immediately follows output of the time constant. Timing for these two cases has 
been illustrated earlier. ' 

If bit 3 is 1 , then the actiye transition of the CLK/TRG signal initiates the timer. Once again, if bit 2 of the current Con- 
trol code specifies that a new time constant is to be output then timer logic cannot be started until this new time cons- 
tant has been output. Tinqjng has been illustrated earlier. 

Bit 4 determines whether the low-to-high or the high-to-low transition of CLK/TRG is active. Assuming that bit 6 has 
specified Timer mode and bit 3 has specified the timer will be triggered externally by CLK/TRG, the active transition of 
CLK/TRG starts the timer. If bit 6 is not 0 or bit 3 is not 1, then the active transition of CLK/TRG decrements the counter. 

If bit 4 specifies that a low-to-high transition of CLK/TRG will be active then CLK/TRG may be illustrated as follows: 
CLK/TRG 

If bit 4 specifies that the high-to-low transition of CLK/TRG will be active then CLK/TRG may be illustrated as follows: 


CLK/TRG 
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Bit 5 applies to Tinner mode only. If bit 5 is 0, Down Counter register contents will be decremented every 16th system 
clock pulse (O). If bit 5 is 1, the Down Counter register contents will be decremented every 256th system clock pulse 
($). 

Bit 6 determines whether the channel will be operated as a counter or a timer. If bit 6 is 0, Timer mode is selected; 
Counter mode is selected if bit 6 is 1. 

Bit 7 is an interrupt enable/disable flag. If 0, the channel's interrupt logic is disabled; if 1 , the channel's interrupt logic 
is enabled. 

Let us now look at the programming example. Here are the assumed operating conditions for the Z80 CTC: 

1) Channel 0 is operating as a counter with an initial time constant of 8 Oi 0 and interrupt logic enabled. 

2) Channel 1 is operating as a timer. It decrements on every 16th system clock pulse and has an initial time constant 
of 4 Oi 0 ; its interrupts are disabled and CLK/TRG starts the tirner on its low-to-high transition. . 

3) Channel 2 is operating as a timer. It decrements every 256th system clock pulse and has an initial time constant of 
C 8 i 0 ; its interrupts are enabled and the system clock starts the timer. 

4) Channel 3 is inactive. 

The CPU is operating with interrupt logic in Mode 2. CTC interrupt service routine starting addresses are stored at 
memory locations 2 C 4 Oi 0 , 2C42-|0 and 2 C 44 -| 0 . The CTC is accessed as I/O ports B 8 -| 0 , B 9 i 0 , BAi 0 , and BBi 0 . 

Here is the appropriate CTC initiation instruction sequence: 


LD A.2CH 

LD I.A 

IM 2 

LD A,40H 

OUT (0B8H),A 

;START CHANNEL 0 

LD A.0C5H 

OUT (0B8H),A 

LD A,80H 

OUT (0B8H),A 

;START CHANNEL1 

LD A,1DH 

OUT (0B9H).A 

LD A,40H 

OUT (0B9H).A 

;START CHANNEL 2 

LD A.0A5H 

OUT (OB AH). A 

LD A.0C8H 

OUT (OBAH).A 


;LOAD INTERRUPT VECTOR REGISTER OF CPU 

;SELECT CPU INTERRUPT MODE 2 
;OUTPUT INTERRUPT VECTOR TO 
;CHANNEL0 

;OUTPUT THE CONTROL CODE TO CHANNEL 0 

;OUTPUT THE INITIAL COUNT TO CHANNEL 0 
•.CHANNEL .0 BEGINS OPERATING. 

;OUTPUT THE CONTROL CODE TO CHANNEL 1 

;OUTPUT THE INITIAL TIMER CONSTANT TO CHANNEL1 
;CHANNEL 1 BEGINS OPERATING. (IF TRANSITION OCCURS) 

■.OUTPUT THE CONTROL pODE TO CHANNEL 2 

;OUTPUT THE INITIAL TIMER CONSTANT TO CHANNEL 2 
;CHANNEL 2 BEGINS ORERATING 
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DATA SHEETS 


This section contains specific electrical and tinning data for the following devices: 

Z80 and Z80A CPU 
Z80 and Z80A PIO 
Z80 and Z80A CTC 
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Z80-CPU 

Absolute Maximum Ratings 


Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 
with Respect to Ground 
Power Dissipation 


Specified operating range. 
-6S°C totl50°C 
-0.3V to t7V 

1.5W 


•Comment 

Stresses above those listed under "Absolute 
Maximum Rating” may cause permanent 
damage to the device. This is a stress rating 
only and functional operation of the device 
at these or any other condition above those 
indicated in the operational sections of this 
specification is not implied. Exposure to 
absolute maximum rating conditions for 
extended periods may affect device reliability. 


Z80-CPU D.C. Characteristics 


= 0®C 10 VOV. V^.^, = 5 V ± S% unless otherwise specified 


Symbol 

Parameter 

Min. 




Test Condition 

''iLC 

Clock Input Low Voltage 

-0.3 


QQI 

V 


^'iHC 

CltK'k Input High Voltage 



BS 

B 


V|L 

Input Low Voltage 

-0.3 

‘ 

IB 

B 


VlH 

Input High Voltage 

3.0 


Vec 

V 


''OL 

Output Low Voltage 



0.4 

V 

loL“l-8niA 

'^OH 

Output High Voltage 

:.4 



V 

'oh " 

Ice 

Power Supply Current 



150 

mA 


'li 

Input Leakage Current 



10 

pA 

V,N=0 fo Vj.^. 

'loh 

Tri-State Output Leakage Current in Float 



10 

pA 

''out"’-'* ''cc 

'lol 

Tri-Slate Output Leakage Current in Float 



-10 

pA 

Vout=0-4V 

'ld 

Data Bus Leakage Current in Input Mode 



±10 

pA 



Noie; For Z80-CPU all AC and DC characteristics remain the 
same for the military grade parts except 1^^.. 

= :00 mA 


Capacitance 

Ta = 25°c, f = 1 MHz, 
unmeasured pins returned to ground 


Symbol 

Parameter 


umi 

C<t, 

Clock Capacitance 

B 

m 


Input Capacitance 

5 

B, 

^OUT 

Output Capacitance 

m 



Z80-CPU 

Ordering Information 

C — Ceramic 
P - Plastic 

S - Standard 5V t5%0° to 70°C 
E - Extended 5V ±5% -40° to 8S°C 
M - Military 5V *10% -55° to I25°C 


Z80A-CPU D.C. Characteristics 

= O'^C' to V^,^. = 5V ♦ 5'e unlcis otherwise specilied 


Symbol 

Parameter 

IQH 




Te^il Condition 

V|LC 

Clock Input Low' Voltage 

-0 .t 


B 

a 


V||IC 

Clock Input Higli Voltage 

V,c -.6 



B 


V|L 

Input Low Voltage 




B 

IBHH 

V|H 

Input High Voltage 

:.u 



V 


V()l 

Output Low Voltage 



04 

V 

'0L=1 »mA 

''OH 

Output HigJ) Voltage 

:,4 



V 

'oil ^ --'0)"' 

'((■ 

Powei Supply Cuireiit 


90 

:oo 

inA 


'Ll 

Input Leakage Current 



10 

pA 

V|N=U 1.. 

'loh 

Tri-Stjte Output Leakage Current in Float 



10 ' 

pA 

Voi,t=:4.ov^,^. 

'lOl. 

Tri-SlJte Output Leakage i'urrent in Float 



-10 

pA 

Voi,t=04V 

'll) 

Data Bus Leakage Current in Input Mode 



♦10 

pA 

0<V,f^<V^.^. 


Capacitance 


T A = 25 C, I' 


MHz. 


unmeasured pins returned to ground 


Symbol 

Parameter 


Unit 


Clock ( apjt itance 

B 

pF j 

'in 


B 


'on 

Oulpni Cap.icilance 

■ 

m 


Z80A-CPU 

Ordering Information 


C - Ceramic 
P- Plastic 

S - Standard 5V ±5% 0° to 70“C 


We reprint data sheets on pages 7-D2 through 7-D1 3 by permission of Zilog, Incorporated. 
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Z80-CPU 

A.C. Characteristics 


Q 

UJ 


< 

oc 

o 

o. 

cc 

o 

u 


< 

u 

o 

(A 

CO 

< 

cO 


lU 

Z 

CC 

o 

m 

CO 

O 


< 

o 

< 


= 0°C lo 70°C, Vcc = +5V ± 5%, Unless Otherwise Noted. 


Signal 

Symbol 

Parameter 

Min 

Max 

Unit 

Test Condition 


•c 

CUrck Period 

.4 

))’) 

/isec 



I„I'M1I 

CliKk Pulse Width. Clock Higli 

IKO 

iti 

nsec 



i„('l'LI 

Chtek Pulse Width, Clock Low 

uo 

2000 

nsec 



'i.l 

Clock Rise and Fall Time 


30 

nsec 



*D(AD) 

Address Output Delay 


145 

nac 



'F(AD) 

Delay to Float 


NO 

nsec 


Vis 

fi.m 

Address Stable Prior to MRFO (Memory Cycle) 

1)1 


nsec 

Cl = 50pF 

'iiJ 

Address Stable Prinr lo RJRO. RD or WR (I/O Cycle) 

I’l 


nscc 


•ca 

Address Stable Ironi RD, or MRE(J 

!51 


nscc 



Val 

Address Stable From RD or WR Duiing Float 

14) 


nsec 



'D(D) 

Data Output Delay 


230 

nsec 



'F(D) 

Delay to Float During Write Cycle 


50 

nsec 



'S4>(D) 

Data Setup Time to Rising l.dge ol Clock During Ml Cycle 



nsec 


^0-7 


Data Setup Time to Falling Ldge of Clock During M2 lo M5 

60 


nsec 

Cl = 50pF 

Men, 

Data Stable Prior to WR {Memory Cycle) 

151 


nsec 



‘del 

Data Stable Prior to WR (I/O Cycle) 

161 


nsec 



*cdf 

Data Stable From WR 

|7l 





Ml 

Any Mold Time fur Setup Time 

0 


nsec 



'DL5(MR) 

MREO Delay From Falling Edge of flock, MREO Low 


100 

nsec 


mreO 

'DH4'(MR) 

MREQ Delay Frtim Rising Edge of Clock. MREO High 


100 

nsec 


'Dll« (MR) 

MREO Delay From Falling Edge ol Clock. MRE'j Migli 


100 

nsec 

Cl = 50pF 


'w(MRL) 

Pulse Width, MREQ Low 

U1 


nsec 



•w (MRH) 

Pulse Width. MREQ High 

)9I 


nsec 



'DL<t,(IR) 

lORQ Delay From Rising Edge of Clock. lORQ Low 


90 

nsec 


iORd 

'DL4>(1R) 

lORQ Delay From Falling Edge of Clock, lORQ Low 


||6 

nsec 

Cl • 50pF 

‘DH4>(IR) 

lORQ Delay From Rising Edge of Clock, lORQ High 


nsi5~ 

nsec 


'DH4>(IR) 

lORQ Delay From Falling Edge of Clock. lORQ High 


110 

nsec 



’DL<KRD) 

' RD Delay From Rising Edge of Clock. RD Low 


100 

nsec 


RD 

'DL<t,(RD) 

RD [>elay From Falling Edge of Clock. RD Low 


ii6 

nsec 

C^^SOpF 

'DH'tIRD) 

RD Delay From Rising Edge of Clock, RD High 


rco™ 

nsec 


’DH<KRD) 

RD Delay From Falling Edge of Clock. RD High 


110 

nsec 



‘DL4>(WR) 

‘DL^eWR) 

WR Delay From Rising Edge of Clock. WR Low 


80 

nsec 


WR 

WR Delay From Falling Edge of Clock, ^ Low 


90 

nsec 

Cl = 50pF 

'DH«(WR) 

WR Delay From Falling Edge of Clock, WR High 



nsec 


’w (WRL) 

Pulst Widl),, WR Low 

DO) 


nsec 


RT 

'DL(MI) 

Ml Delay From Rising Edge of Clock. Ml Low 


130 

nsec 

Cl = 50pF 

■DIKMI) 

M 1 Delay From Rising Edge of Clock, M 1 High 


130 

nsec 

r™ 

'DL(RF) 

RFSH Delay From Rising Edge of Clock. RFSH Low 


180 

nscc 

Cl = 50pF 

'DM(RF) 

RFSH Delay From Rising Edge of Clock, RFSH High 


150 

nsec 

WAIT 

's(WT) 

WAIT Setup Time to Falling Edge of Clock 

70 


nsec 


haCT 

'D(HT) 

HALT Delay Time From Falling Edge of CliKk 


300 

nsec 

Cj^*50pF 

Wf 

M(IT) 

INT Setup Time to Rising Edge of Clock 

80 


nsec 


?5mT 

'w(NMU 

Pulse Width. NMT Low 

80 


nsec 


busrq 

'«(B0) 

BUSRQ Setup Time to Rising Edge of Clock 

80 


nsec 


bUsak 

'DL(BA) 

BUSAK Delay From Rising Edge of Cluck, BUSAK Low 


120 

nsec 

Cl = 50pF 

'DH(BA) 

BUSAK Delay From Falling Edge of Clock, BUSAK High 


no 

nsec 


's(RS) 

RESET Setup Time lo Rising Edge of Clock 

90 


nsec 



'F(C) 

Delay to Float (M^. lORQ, RD and WR) 


100 

nsec 



•m, 

Ml Stable Prior to lORQ (Interrupt Ack.) 

i))i 


nsec 



112) 'c “ *w(4>H) ^ 'w(4>L) ’r *r 


|l| 

*acm * 

‘ ’wftH)'^ 'f 

-75 

12) 

‘aci ' 

t^-80 


|3| 

‘ca “ ‘ 

w<‘l>L) M ‘ 

40 

|4| 

*caf “ 

^wldiL) * M " 

60 

|S| 

Mem 

= ‘ c -210 


|('l 

Mci “ 

‘wC'l'L) + ‘i 

^-210 

|2| 

‘edf"" 

‘wCtL) ' 

^SO 


1*1 'w(MRU' 


1'°' 'w(WRL) " ‘c ' 


I' 'I ’mr'-'c'^'vk<4>H)'^'f*° 


NOTtS: 

A. Data Uiould be enabled the CPU d ata bus when RD is active. During interrupt acknowledge data 
should be enabled when M I and lORQ are both active. 

B. All control signals are internally synchronized, so they may be totally asynchronous with respect 
to th e clock . 

C. The RbStT signal must be active lor a minimum of 3 clock cycles. 

D. Output Delay vs. Loaded Capacitance 

TA = 70°C Vcc = +5V t57f 

Add 1 Onsec delay for each 50pf increase in load up to a maximum of 200pf for the data bus & 1 OOpf for 
address & control lines 

L. Alihougli static by design, testing guarantees 200 ^isec maximum 



Load circuit for Output 
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Z80A-CPU 
A.C. Characteristics 


= O^C to 70°C, Vcc = +5V ± 5%. Unless Otherwise Noted. 


Signal 

Symbol 

Parameter 

Min 

Max 

Unit 

Test Condition 


tj. 

Clock Period 

.25 

ii:i 

Msec 


4> 

tw (♦») 

Clock Pulse Width, Clock High 

no 

IE) _ 

nsec 


Iw CfL) 

Clock Pulse Width, Cock Low 

MO 

2000 

nsec 



'r,r 

Clock Rise and Fall Time 


M) 

nsec 

' 


'D(AD) 

Address Output Delay 


no 

nsec 



'F(AD) 

Delay to Float 


90 

nsec 


Vis 

larm 

Address Stable Prior to MREQ (Memory Cycle) 

It! 


nsec 

Cl • SOpF 

^aci 

Address Stable Prior to tdRO. or (I/O Cycle) 

121 


nsec 


'ca 

Address Stable from rB, Wfe, lORQ or MrEO 

131 


nsec 



•caf 

Address Stable From RD or WR During Float 

14! 


nsec 



'D(D) 

Data Output £)elay 


ISO 

nsec 



'F(D) 

Delay to Float During Write Cycle 


90 

nsec 



'S<KD) 

Data Setup Time to Rising Edge of Clock During Ml Cycle 

35 


nsec 


V? 

'S*(D) 

Data Setup Time to Palling Edge uf Clock During M2 to M5 

50 


nsec 

C, = 50PK 


‘dcm 

Data Stable Prior to WR (Memory Cycle) 

”15! 


nsec 



Mci 

Data Stable Prior to WR (I/O Cycle) 

is! 


nsec 



'cdf 

Data Stable From Wr 

171 






Any Hold Time for Setup Time 


0 

nsec 



•DL*(MR) 

MREO Delay From Falling Edge of Clock, MREQ Low 


8S 

n.ec 


RrEQ 

'DH<KMR) 
'DH*(MR) 
•w (MRL) 

MREQ Delay From Rising Edge of Clock, MREQ High 



nsec 


MREQ [>lay From Falling Edge of Clock, MREQ High 


8S 

nsec 

• SOpF 


Pulse Width. MREQ Low 

IS! 


nsec 



‘w (MRH) 

Pulse Width, MREQ High 



nsec 



•DL4>(IR) 

fORQ Delay From Rising Edge of Clock, lORQ Low 
lORQ Delay From Falling Edge of Clock, lORQ Low 


75 

nsec 


iSRQ 

'DLtdR) 


85 

nsec 

Cl'SOpF 

'DH«(IR) 
‘DH* (IR) 

lORQ Delay From Rising Edge of Clock, lORQ High 


85 

nsec 


lORQ Delay From Falling Edge of Clock, lORQ High 


85 

nsec 



•DL* (RD) 

RD Delay From Rising Edge of Clock, RO Low 


85 

nsec 


Kd 

•DL* (RD) 

RD Delay From Falling Edge of Clock. RD Low 

RD Delay From Rising Edge of Clock. RD High 

RO Delay From Falling Edge of Clock, RD High 


95 

nsec 

Cl • 50pF 

'DH* (RD) 


85 

nsec 


■DH'KRD) 


85 

nsec 



'DLO (WR) 

WR Delay From Rising Edge of Clock, WR Low 

WR Delay From Falling Edge of Dock. WR Low 


65 

nsec 


Wr 

’DL*(WR) 

•DH'KWR) 

’w(WRL) 


80 

nsec 

Cl - 50pF 

Wr Delay From Falling Edge of Clock, Wr High 


80 

nsec 


Pulse Width, WR Lew 

liol 


nsec 


Ml 

>DL(MI) 

Ml E)elay From Rising Edge of Clock, Ml Low 


100 

nsec 

Cj^ = SOpF 

'DH(MI) 

M 1 Delay From Rising Edge of Clock, M 1 Hi^ 


100 

nsec 

RF^ 

‘DL(RF) 

RFSH Delay From Rising Edge of Clock, RFSH Low 


130 

nsec 

Cl = SOpF 

'DH (RF) 

RFSH Delay From Rising Edge of Cock, RFSH High 


120 

nsec 

WAIT 

'i(WT) 

WAIT Setup Time to Falling Edge of Clock 

70 


nsec 


FiaEt 

'D(HT) 

HALT Delay Time From Falling Edge of Clock 


300 

nsec 

Cl = 50pF 

Jnt 

'>(IT) 

INT Setup Time to Rising Edge of Clock 

80 


nsec 


nmT 

•w (NML) 

Pulse Width, NM I Low 

80 


nsec 


BUSRQ 

's(BQ) 

BUSRQ Setup Time to Rising Edge of Clock 

50 


nsec 


BUSAK 

'DL(BA) 

BUSAK Delay From Rising Edge of Clock, BUSAK Low 


too 

nsec 

Cl = 50pF 

'DH(BA) 

BUSAK Delay From Falling Edge of Clock, BUSAK High 


100 

nsec 

RESET 

'f(RS) 

RESET Setup Time to Rising Edge of Clock 

60 


nsec 



•F(C) 

Delay to Roat (MREQ. iORQ.RD and WR) 


80 

nsec 



*mr 

Ml Stable Prior to lORQ (Interrupt Ack.) 

Mil 


nsec 



1 1 2) * 5 “ •w(ct)H)* •w(<>L)^ ’t* *f 


(l| 

'acm “ 

*w(4>H)^'f 

-65 

121 

•aci-' 

1,-70 


|31 

‘ca = < 

*r 

-50 

[41 

‘caf° 

’w(*L) * 'r ■ 

45 

|S1 

*dcm 

= t, -170 


(hi 

*dci ■ 

' ‘wCrtL) * *1 

^-170 

PI 

*cdf ■ 


r-70 


1*1 'w(MRL)'‘c"^® 

I’l •w(MRH)''w(*H)*‘f^° 


'w(WRL) ' 'c 




NOTES: 

A. Data should be enabled onto the CPU d ata bus when ^ is active. During interrupt acknowledge data 
should be enabled whenTH and tORQ are both active. 

B. All control signals are internally synchronized, so they may be totally asynchronous with respect 
to t he clock. 

C. The RESET signal must be active for a minimum of 3 clock cycles. 

D. Output Delay vs. Loaded Capacitance 

TA = 70‘‘C Vcc*+5V±5% 

Add 1 Onsec delay for each 50pf increase in load up to maximum of 200pf for data bus and 1 OOpf for 
address & control lines. 

E. Although static by design, testing guarantees of 200 ^sec maximum 



Load circuit for Output 
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Z80-CPU 

A.C. Timing Diagram 


Timing measurements are made at the following 
voltages, unless otherwise specified: 


z 

ce 

o 

CD 

(/) 

O 

S 

< 

Q 

< 


CLOCK -.6V .4SV 

OUTPUT 2.0 V .8V 
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Z80-PIO 


Absolute Maximum Ratings 


Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin With 
Respect To Ground 
Power Dissipation 


Specified operating range. 
-65°C to + l50°C 

-OJ Vio+7 V 

.0 w 


Z80-PIO and Z80A-PIO 
D.C. Characteristics 


•Comment 

Stressesabove those listed under "Absolute Maximum 
Rating*' may cause permanent damage to the device. 

This is a stress rating only and functional operation of 
the device at these or any other condition above those 
indicated in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect 
device reliability. 

Note: All AC and DC characteristics remain the-same for 
the military grade parts except 

l^c = 130 mA. 


TA = 0° C to 70*^ C. Vcc = 5 V + 5'/ unless ollierwise specified 


Symbol 

Parameter 




Test Condition 

''iLC 

Clock Input Low Voltage 

imgi 

mm 

Di 

'OL “ - 0 '"A 

Ion .-250 uA 

V,,^ = 0 to Vee 

'^OUT " -■'* 

Vqut'O^V 

0<V|fg <Vcc 

'^IHC 

Clock Input Migli Voltage 



mm 

V:l 

Input Low Voltage 



mm 

V|H 

Input High Voltage 

:.o 


Mm 

Vql 

Output Low Voltage 


mm 


Vqh 

Output High Voltage 

2.4 


s 

Ice 

Power Supply Current 



mm 

'li 

Input Leakage Current 




'loh 

Tri*State Output Leakage Current in Float 


mm 


'lol 

Tri-Slate Output Leakage Current in Float 


^QH 


‘ld 

Data Bus Leakage Current in Input Mode 



IQQH 

'OHD 

Darlington Drive C'urreni 

-1.5 

.LK 

mA 

VoH'l.SV 

•^EXT “ ^ 

Port B Only 
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Z80-P1O 

A.C. Characteristics 


TA - 0° C to 70° C, Vcc - +5 V ± 5%, unless otherwise noted 


z 

DC 

o 

CD 

tn 

o 

S 

< 

o 

< 

© 


SIGNAL 

SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

COMMENTS 



Clock Period 

400 

111 

nsec 


4* 

'W |4>H) 

Clock Pulse Width. Clock High 

170 

2000 

nsec 



<W (■l>LI 

Clock Pulse Width. Clock Low 

170 

2000 

nsec 



V 'f 

Clock Rise and Fall Times 


30 

n.ec 



tH 

Any Hold Time for Specified Set-Up Time 

0 


nsec 


cs. ce 

<Sa> (CS! 

Control Signal Set-Up Time to Rising Edge of During Read 

280 


nsec 


ETC. 

or Write Cycle 






'DR (D) 

Data Output Delay from Falling Edge of RO 


430 

nsec 

|2| 


'S<l> (D) 

Data Set-Up Time to Rising Edge of 'POuring Write or Ml 

50 


nsec 


D0D7 


Cycle 




Cl - 50 pF 


*01 (Dl 

Data Output Delay from Falling Edge of IORQ During INTA 
Cycle. 


340 

nsec 

|3) 


•F (Dl 

Delay to Floating Bus (Output Buffer Disable Time] 


160 

nsec 


lEI 

'SdEII 

lEI Set-Up Time to Falling Edge of IORQ During INTA Cycle 

140 


nsec 



'DH (ID) 

lEO'Delay Time from Rising Edge of lEI 


210 

nsec' 

I5I 

lEO 

*DL(IDI 

lEO Delay Time from Falling Edge of lEI 


190 

nsec 

I5I C[^ = 50pF 


<OM (ID) 

lEO Delay from Falling Edge of Ml (Interrupt Occurring Just 


300 

nsec 

|5) 



Prior to Ml) See Note A. 





iORQ 

<S4> (IRI 

IORQ Set-Up Time to Rising Edge of 4^ During Read or Write 

250 


nsec 



Cycle 





m 

'S*(M1I 

Ml Set-Up Time to Rising Edge of 4> During INTA or Ml 

210 


nsec 



Cycle. See Note B. 





RD 

»S* (RDI 

RO Set-Up Time to Rising Edge of <h During Read or Ml 

Cycle 

240 


nsec 



'S (PO) 

Port Data Set-Up Time to Rising Edge of STROBE (Mode 1) 

260 


. nsec 



'OS (POI 

Port Data Output Delay from Palling Edge of STROBE 


230 

nsec 

I5I . 

Ao-Aj, 

(Mode 2) 





BqB; 

•f \ro) 

Delay to Floating Port Data Bus from Rising Edge of 

STROBE (Mode 2) 


200 

nsec 

Cl ■ 50 pF 


'DKPOl 

Port Data Stable from Rising Edge of lOWd During WR 

Cycle (Mode 0) 


200 

nsec 

IS) 

ASTB. 

'W (ST) 

Pulse Width. STROBE 

150 


nsec 


BSTB 


(4| 


nsec 


INT 

'0 (IT) 

INT Delay Time from Rising Edge of STROBE 


490 

nsec 



'D (IT3I 

. INT Delay Time from Data Match During Mode 3 Operation 


420 

nsec 


ARDY. 

'OH (RYI 

Ready Response Time from Rising Edge of IORQ 


^c* 

nsec 

I51 

BRDY 



460 


Cl ' 50 pF 


'DL(RY) 

Ready Response Time from Rising Edge of STROBE 



nsec 

|5I 





400 




NOTES: 

A. 2.5 tc>(N.2l tQL (10) <DM (101 * 'S (lEI) + ^TL Buffer Delay, if any 

B. Ml must be active for a minimum of 2 clock periods to reset the PIO. 

Outpu| load circuit. 



CR, -CR 4 


(2) increase by' 10 nsec for each 50 pF increase in loading up to 200 pP max. 

(3) Increase t^| (q) by 10 nsec for each 50 pF increase in loading up to 200 pFmax. 

(4) For Mode 2; lw (ST|>^S |PD| 

15] Increase these values by 2 nsec for each 10 pF increase in loading up to 100pF max. 

1N914 OR EQUIVALENT 
Cl » 50 pF ON D 0 D 7 

= 50 pF ON ALL OTHERS 


Capacitance 


TA = 25°C,'f = IMHz 


Symbol 

Parameter 

Max. 

Unit 

Test Conditioi) 

c* 

Clock Capacitance 

to 

pF 

Unmeasured Pins 

Returned to Ground 

•^IN 

Input Capacitance 

5 

pF 

^OUT 

Oi^lput Capacitance 

to 

pF 
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Z80A-P1O 
A.C. Characteristics 


TA = 0° C to 70° C; Vcc = +5 V ± 5%, unless otherwise noted 


SIGNAL 

SYMBOL 

■ PARAMETER 

MtN 

MAX 

UNIT 

COMMENTS 


tc 

Clock Period 

250 

HI 

nsec 




Clock Pulse Width, Clock High 

105 

2000 

nsec 



'W IrJrL) 

Clock Pulse Width, Clock Low 

105 

2000 

nsec 



tr.tf 

Clock Rise and Fall Times 


30 

nsec 



'h 

Any Hold Time for Specified Set-Up Time 

0 


nsec 


CS.CE 

ls<p (CSI 

Control Signal Set-Up Time to Rising Edge of During 

145 


nsec 


ETC. 

Read or Write Cycle 






•dr ID) 

Data Output Delay From Falling Edge of RD 


380 

nsec 

(2) 


lS<|) IDI 

Data Set-Up Time to Rising Edge of <l> During Write or 

50 


nsec 


DpDy 

•DI ID) 

Ml Cycle 

Data Output DelaV from Falling Edge of lORQ During INTA 


250 

nsec 

Cl - 50 pF 
(31 


Cycle 






•F (D) 

Delay to Floating Bus (Output Buffer Disable Time) 


110 

nsec 


lEI 

»SIIEI) 

lEI Set-Up Time toFallingedge of lORQ During INTA Cycle 

140 


nsec 



iDH 110) 

lEO Delay Time from Rising Edge of lEt 


160 

nsec 

15) 


’DL 1101 

lEO Delay Time from Falling Edge of lEI 


130 

nsec 

151 C|^-50pF 

lEO 

•dm 110) 

lEO Delay from Falling Edge of Ml (Interrupt Occurring Just 


190 

nsec 

15) 


Prior to Ml) See Note A. 





io^ 

IS-t (IR) 

lORQ Set-Up Time to Rising Edge of 4) During Read or 

Write Cycle. 

115 


nsec 


Mi 

• 'S*(M1) 

Ml Set-Up Time to Rising Edge of During INTA or fil^l 

Cycle See Note B 

90 


nsec 



'S<ti (RD) 

RO Set-Up Time'to Rising Edge of <t> During Read or Ml . 
Cycle 

115 


nsec 



'S (PO) 

•os (PO) 

Port Data Set-Up Time to Riling Edge of STROBE (Mode 1) 

Port Data Ourput Delay from Felling Edge of STROBE 

230 

210 

n"c 

151 


(Mode 21 





Bq-b/ 

•F (PD) 

Delay to Floating Port Data Bus from Rising Edge of STROBE 


180 

nsec 

Ci_ ■ 50 pF 

•Ol (PO) 

(Mode 2) 

Port Date Stable from Rising Edge of lORQ During WR 

Cycle (Mode 0) 


180 

nsec 

151 


ASTB, 

•WIST) 

Pulse Width, STROBE 

150 


nsec 


SSTB 


Ml 


nsec 


INT 

'0 IIT) 

INT Delay time from Rising Edge of STROBE 


440 

nsec 



'0 IIT3) 

INT Delay Time from Data Match During Mode 3 Operation 


380 

nsec 


AROY. 

•oh IRY) 

Ready Response Time from Rising Edge of lORQ 


tc* 

nsec 

161 

BRDY 




410 


Cl * 50 pF 


•OL (RYI 

Ready Response Time from Rising Edge of STROBE 




tc+ 

360 

nsec 

15) 


NOTES: 


A, 2.5 Ij>(N2l tDL (10) + toM (10) tts (lEl) +TTL Buffer Delay, if any 111 Ic ' tW ('l>H) * ’W ('l>L) * 'r * 'f 

B. Ml must be active for a minimum of 2 clock periods to reset the PIO. 121 Increase tpR by 10 nsec for each 50 pPincrease in loading up to 200 pFmax. 

|3| Increase toi (D) by 10 nsec for each 50 pF increase in loading up to 200 pFmax. 
|4| For Mode 2: Iw (STI>>S IPDI 

(51 Increase these values by 2 nsec for each 10 pF increase in loading up to 100 pFmax. 
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Z80-PIO 

A.C. Timing Diagram 










Z80-CTC 


Absolute Maximum Ratings 


Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin With 
Respect, To Ground 
Power Dissipation 


O'* C to 70° C 
■65° C to + 150° C 

-0.3 V to +7 V 
0.8W 


•Comment 

Stfessesabove those listed under “Absolute Maximum 
Rating*' may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or any olh'f| condition above those 
indicated in the operational sections of this specitlca- 
tion is not implied. Hxposure to absolute maximum 
rating conditions lor extetidcd periods may affect 
device reliability. 


D.C. Characteristics 


TA = 0° C 10 70° (', Vcc = 5 V ± 57( unless otherwise specilied 

Z80-CTC 


Symbol 

Parameter 

Min 

Max 


Test Condition 

V|LC 

Clock Input Low Voltage 

-0.3 

.45 

■Si 

Iql ” 2 mA 
'oh -250 pA 

Tq = 400 nsec 

V|N = 0 to Vcc 
VOUT = 2.4 to Vcc 
VoUT = 0.4V 

V|HC 

Clock Input High Voltage [1] 

Vcc - -6 

Vcc -3 

D 

Vil" 

Input Low Voltage 

-0.3 

0.8 ' 

■1 

V|H 

Input High Voltage 

2.0 

Vcc 

mm 

VqL 



0.4 

■1 

Vqh 

Output High Voltage 

2.4 


n 

•cc 

Power Supply Current 


120 


ILI 

Input Leakage Current 


10 

mm 

•loh 

Tri-State Output Leakage Current in Float 


10 


'lol 

Tri-State Output Leakage Current in Float 


-10 

RQ 

'OHD 

Darlington Drii/e Current 

-1 .5 


mA 

VqH = 1-5V 

Rext “ 390n 


Z80A-CTC 


Symbol 

Parameter 

Min 

Max 


Test Condition 

V|LC 

Clock Input Low Voltage 

-0.3 

.45 

D 

Iql “ 2 mA 
'oh ~ "250 pA 

Tc = 250 nsec 

V||sj = 0 to Vcc 
VqUT = 2.4 to Vcc 
VqUT = 0-4V 

V|HC 

Clock Input High Voltage [1] 

Vcc - -6 

Vcc -3 

D 

V|L 

Input Low Voltage 

-0.3 

0.8 

D 

V|H 

Input High Voltage 

2.0 

Vcc 

n 

VOL 

Output Low Voltage 


0.4 

mm 

VOH 

Output High Vpitage 

2.4 


mm 

'cc 

Power Supply Current 


120 

mA 

'Ll 

Input Leakage Current 


10 

mm 

'loh 

Tri-State Output Leakage Current in Float 


10 


'lol 

Tri-State Output Leakage Current in Float 


-10 

HQ 

'oho 



Darlington Drive Current 

-1.5 


mA 

VoH = 1-5V 

RgXT ■ 390n 


Capacitance 

TA = 25°C,f= 1 MHz 


Symbol 

Parameter 

Max. 

Unit 

Test Condition 

C<i, 

. Clock Capacitance 

20 

pF 

Unmeasured Pins 

Returned to Ground 

CiN 

Input Capacitance 

5 

pF 

COUT 

Output Capacitance 

10 

pF 
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ADAM OSBORNE & ASSOCIATES, INCORPORATED 


Z80-CTC 

A.C. Characteristics 


TA = 0° C to 70° C, Vcc = +5 V ± 5%, unless otherwise noted 


Signal 

Symbol 

Parameter 

Min 

Max 

Unit 

Comments 


'c 

Clock Period 

400 

[11 

ns 


d) 

tw(<I>H) 

Clock Pulse Width, Clock High 

170 

2000 

ns 


tyyllhL) 

Clock Pulse Width, Clock Low 

170 

2000 

ns 



tr. ‘f 

Clock Rise and Fall Times 


30 

ns 



tR 

Any Hold Time for Specified Setup Time 

0 


ns 


CS, CE, etc. 

tS(j>(CSI 

Control Signal Setup Time to Rising Edge of <1> During Read 
or Write Cycle 

160 


ns 



tDR(D) 

Data Output Delay from Rising Edge of RD During Read 
Cycle 1 


480 

ns 

12) 


tSct>(D) 

Data Setup Time to Rising Edge of <l> During Write or Ml 

60 


ns 


Dq-D? 

tD|(D) 

Cycle 

Data Output Delay from Falling Edge of IORQ During 

INTA Cycle 


340 

ns 

[2] 


tpID) 

belay to Floating Bus (Output Buffer Disable Time) 


230 

ns 


lEI 

ts(IEI) 

lEI Setup Time to Falling Edge of IORQ During INTA 

Cycle 

200 


ns 



toRhO) 

lEO Delay Time from Rising Edge of lEI 


220 

ns 


lEG 

tQLhO) 

tDM(IO) 

lEO Delay Time from Falling Edge of lEI 

lEO Delay from Falling Edge of Ml (Interrupt Occurring 

just Prior to Ml ) 


190 

300 

ns 

ns 


iORQ 

tsodR* 

IORQ Setup Time to Rising Edge of <l> During Read or 

250 


ns 



Write Cycle . 





Ml 

ts<i>(M1) 

Ml Setup Time to Rising Edge of <I> During INTA or Ml 

210 


ns 



Cycle 






tS(i)(RD) 

RD Setup Time to Rising Edge of <t> During Read or Ml 

Cycle 

240 


ns 


mr 

*dck<it) 

INT Delay Time from hisihg Edge Of CLK/TRG 


2tc(<l>) + 200 

im 

Counter Mode 

tb<i>(iT) 

INT Delay Time from Rising Edge of <I> 


tc(<J>) + 200 

HH 

Timer Mode 


tc(CK) 

Clock Period ,1 

2tc(>t) 



Counter Mode 


tr, tf 

Clock and Trigger Rise and Fall Tithes 


50 




ts(CK) 

Clock Setup Time to Rising Edge of <I> for Immediate Count 

210 



Counter Mode 


ts(TR) 

Trigger Setup Time to Rising Edge of <I> for Enabling of 

210 



Timer Mode 

CLK/TRGo_3 

tyylCTH) 

Prescaler on Following Rising Edge of <1> 

Clock and Trigger High Pulse Width 

200 


■ 

Counter and 

Timer Modes 


tw(CTL) 

Clock and Trigger Low Pulse Width 

200 


■ 

Counter and 
Timer Modes 


tDH(ZC) 

ZC/TO Delay Time from Hising Edge bf <I>, ZC/TO High 


190 


Counter and 

ZC/TOo_2 

tDL(ZC) 

ZC/TO Delay Time from Falling Edge of <!>■ ZC/TO Low 


190 

■ 

Timer Modes 

Counter and 
Timer Modes 


Notes: 


[1] tQ = + t(^($L) + tp + tf. 

[2] Increase delay by 10 nsec for each 50 pF increase In loading, 200 pF maximum for data lines and 100 pF for control lines. 

[3] Increase delay by 2 nsec for each 10 pF increase in loading, 100 pF maximum 

[4] RESET* must be active for a minimum of 3 clock cycles. 


OUTPUT LOAD CIRCUIT 


FROM OUTPUT 
UNDER TEST 



Kn 

CR-i -CR4 


1N914 0R EQUIVALENT 
Cl = 50pFon all pins 
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Z80A-GTC 
A.C. Characteristics 


TA = 0° C to 70° C, Vcc = +5 V ± 5%, unless otherwise noted 


Signal 

Symbol 

Parameter 

Min 

Max 

Unit 

Comments 


DM 

Clock Period 

250 

[1] 

ns 


d> 


Clock Pulse Width, Clock High 

105 

2000 

ns 



Clock Pulse Width, Clock Lovv 

105 

2000 

ns ; 




Clock Rise and Fall Times 


30 

ns 



'H 

Any Hold Time for Specified Setud Time- 

0 


ns 


CS, CE,etc 

tS(i> (CS) 

Control Signal Setup Time to Rising Edge of <t> During Read 
or Write Cycle 

60 


ns 



toRib) 

Data Output Delay from Falling Edge of RD During Read 


380 

, ns 

(21 



Cycle 






ts<t>(D) 

Data Setup Time to Rising Edge of <t> During Write or Ml 

50 


ns 


D0-D7 

tD|(D) 

Cycle i 

Data Output Delay from Falling Edge bf lORG During 


160 

ns 

[21 



INTA Cycle 






tplD) 

Delay to Floating Bus (Output Buffer Disable Time) 


110 

ns 


lEI 


lEI Setup Time to Falling Edge of IORQ During INTA 

Cycle 

140 


ns 



tDRhO) 

IEO Delay Time from Rising Edge of lEI 



ns 

[3] 

iEO 

tDLhO) 

IEO Delay Time from Falling Edge of lEI 



ns 

[3] 

tDM(IO) 

IEO Delay from Falling Edge of Ml (Interrupt Occurring 


190 

ns 

[3] 



just Prior to Ml ) 





iORQ 

ts<i>(IR) 

IORQ Setup Time to Rising Edge of <1> During Read or 

115 


ns 



Write Cycle 






tS(b(M1 ) 

Ml Setup Time to Rising Edge of <t> During INTA or Ml 

. 90 


ns 



Cycle 





RD 

ts<t)(RD) 

RD Setup Time to Rising Edge of <t> During Read or Ml 

115 


ns 



Cycle 





INT 


iNT Delay Time from Rising Edge of CLK/TRG 


2tc(<I>) + 140 


Counter Mode 


1 NT Delay Time from Rising Edge of <I> 


' tc(<t>) + 140 


Timer Mode 


tc(CK) 

Clock Period 

2tc('l>) 



Counter Mode 


V. If 

Clock and Trigger Rise and Fall Times 


30 




ts(CK) 

Clock Setup Time to Rising Edge of <t> for Immediate Count 

130 



Counter Mode 


ts(TR) 

Trigger Setup Time to Rising Edge of <I> for enabling of 

130 



Timer Mode 

CLK/TRGo_3 

tw(CTH) 

.Prescaler on Following Rising Edge of <I> 

Clock and Trigger High Pulse Width 

120 


1 

Counter and 
Timer Modes 


tw(CTL) 

Clock and Trigger Low Pulse Width 

120 


■ 

Counter and 
Timer Modes 


tDH(2C) 

ZC/TO Delay Time from Rising Edge of <I>, ZC/TO High 


120 

■■■ 

Counter and 

ZC/TOo_2 

tDL<2C) 

ZC/TO belay Time from Rising Edge of <I>, ZC/TO Low 


120 

1 

Timer Modes 

Counter and 
Timer Modes 


Notes: [1] = t^;y(<J>H) + tyy(4>L) + + tf. 

[2] Incrfease delay by 10 nsec for each 50 pF Increase in loading, 200 pF maximum for data lines and 100 pF for control lines. 

[3] Increase delay by 2 nsec for each 10 pF increase in loading, 100 pF maximum. 

[4] RESET must be active for a minimum of 3 clock cycles. 



7-D12 





































































Z80-CTC 

A.C. Timing Diagram 


Q 

lU 

cc 

o 

a. 

ce 

o 

u 

z 


(A 


< 


8 

(A 

(A 


< 


UJ 

z 

DC 

o 

CO 

(A 

o 

S 

< 

Q 

< 

© 


"1" "0" 


Timing measurements'are made at the following voltages, unless otherwise specified: 


CLOCK 

< 

o 

o 

1 

C) 

< 

.45V 

OUTPUT 

2.0 V 

.8V 

INPUT 

2.0V 

.8V 

FLOAT 

AV 

±0.5V 
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Chapter 8 
THE ZILOG Z8 


This chapter will be provided at a later date as an update. 


© 
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ADAM OSBORNE & ASSOCIATES, INCORPORATED 


Chapter 9 

THE MOTOROLA MC6800 


The MC6800 was developed by Motorola as an enhancement of the Intel 8008, at the same time that Intel was 
developing the 8080A, also as an enhancement of the 8008. 

When comparing the MC6800 to the 8080A, the most important feature of the MC6800 is its relative 
simplicity. Here are a few superficial, but illustrative comparisons between the two products: 

As compared to the 8080A, MC6800 timing is very simple. MC6800 instructions execute in two or more machine 
cycles, all of which are identical in length. In contrast to the 8080A, which we described in Chapter 4, note that an 
MC6800 machine cycle and clock period are one and the same thing — each MC6800 machine cycle has a single 
clock period. 

Whereas the 8080A has separate I/O instructions, the MC6800 includes memory and I/O within a single address 
space. Thus all I/O devices are accessed as memory locations. 

The MC6800 has a simpler set of control signals, therefore it does not multiplex the Data Bus — and does not need 
any device equivalent to the 8228 System Controller. 

Whereas the 8080A requires three levels of power supply, the MC6800 uses just one — +5V. 

The instruction set of the MC6800 is much easier to comprehend than that of the 8080A. The MC6800 has fewer 
basic instruction types, with more memory addressing options: the 8080A, by way of contrast, has a large number 
of special, one-of-a-kind instructions. 

It is very informative to extend the five comparisons above with the enhancements that Intel has made to the 
8080A in order to come up with the 8085. Let us take the five points one at a time. 

1) 8085 instruction execution timing is far simpler than the 8080A. But MC6800 timing is still far simpler than the 
8085. 

2) The 8085 retains the separate memory and I/O spaces of the 8080A. 

3) The 8085 has separate control signals which do not need to be demultiplexed off the Data Bus, as required by the 
8080A. The price paid by the 8085 is a multiplexed Data and Address Bus. Neither the MC6800 nor the 8085 need 
any device equivalent to the 8228 System Controller: however, the 8085 will need a bus demultiplexer in con- 
figurations that do not use the standard 8085 support devices. 

4) The 8085, like the MC6800, has gone to a single -t-5V power supply. 

5) The 8085 instruction set is almost identical to that of the 8080A. 

An additional point worth noting is that the 8085 includes clock logic on the CPU chip. The MC6800 requires a sepa- 
rate clock logic chip. 

Looking at the 8085, there are grounds for arguing that Intel has acknowledged that the MC6800 has some 
desirable characteristics not present in the 8080A. In order to compete with the 8085, therefore. Motorola will 
not be required to make MC6800 enhancements of the same magnitude as Intel made going from the 8080A to 
the 8085. Specifically, these are the MC6800 characteristics which remain to be addressed by any MC6800 
enhancement: 

1) Clock logic must be moved on to the CPU chip. 

2) Multifunction CPU and support devices must be developed so that Motorola can offer low chip count microcom- 
puters. . , 

Additional weaknesses of the MC6800 that have manifested themselves include: 

1) An instruction set that makes excessive use of memory as a result of too few Index registers and a lack of data 
mobility between registers of the CPU. This is a weakness that was identified in the first version of this book. 

2) The synchronizing E signal, required by support devices of the MC6800, render these support devices useless in 
any microcomputer system other than the MC6800. In contrast. 8080A support devices can be used widely in 
microcomputer systems not based on the 8080A CPU. 


1 ) 

2 ) 
3) 

® 4 ) 

5) 
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Future Motorola plans address many of the points raised above. The MC6802, described in this chapter, is the first step 
towards reducing chip counts in MC6800-based microcomputer systems. The MC6809 will be the new enhanced 
MC6800, to compete with the 8085. The MC6809 will provide additional Index registers, plus instructions that move 
data between Accumulators and Index registers. The MC6809 will have clock logic on the CPU chip. 

MC6800 and MCS6500 support devices are interchangeable; that is to say, you can use MC6800 support devices (de- 
scribed in this chapter) with the MCS6500 microprocessor (described in Chapter 10) and you can use MCS6500 sup- 
port devices (described in Chapter 10) with the MC6800 CPU. 

Although MC6800 and MCS6500 support devices are interchangeable, they should not be used with other 
microprocessors, with the exception of parts described in Volume 3. 

These are the devices described in this chapter: 

• The MC6800 CPU 

• The MC6802 CPU with RAM 

• The MC6870 series Clocks 

• The MC6820 Peripheral Interface Adapter (PIA) 

• The MC6850 Asynchronous Communications Interface Adapter (ACIA) 

• The XC6852 Synchronous Serial Data Adapter (SSDA) 

• The MC6828 Priority Interrupt Controller (PIC) 

• The MC6840 Programmable Counter/Timer 

• The MC6844 Direct Memory Access Controller 

• The MC6846 Multifunction device - the second part in an MC6802-based two-chip microcomputer. 

Devices described in Volume 3 include the MC6845 CRT controller, the MC6843 Floppy Disk controller and the 
MC68488 General Purpose Interface Adapter. 

Two new series of MC6800 parts offer higher speeds. Standard MC6800 parts use a 1 MHz 

clock signal. "A" parts use a 1 .5 MHz clock signal, while "B" parts use a 2 MHz clock signal. There 
is, in addition, an MC6821 PIA which is identical to the MC6820 in operating characteristics, but 
has different physical characteristics. 

The principal MC6800 manufacturer is: 

MOTOROLA INCORPORATED 
Semiconductor Products Division 
3501 Ed Bluestein Boulevard 
Austin, TX 78721 

The second sources are; 

AMERICAN MICROSYSTEMS 
3800 Homestead Road 
Santa Clara, California 95051 

FAIRCHILD SEMICONDUCTOR 
464 Ellis Street 

Mountain View, California 94040 
HITACHI 

Semiconductors And Integrated 
Circuits Division of Hitachi LTD 
1450 Josuihan-Cho-Kodaira-Shi 
Tokyo, Japan 

SESCOSEM 
Thompson CSF 
173 Haussmann Blvd. 

Paris, France 75008 

The MC6800 devices use a single +5V power supply. Using a one microsecond clock, instruction execution 
times range from 2 to 1 2 microseconds. A one microsecond clock is the standard for MC6800 microcomputer 
systems. 667 nanosecond ciocks are standard for the 68A00 series while 500 nanosecond clocks are standard 
for the 68B00 series. 

All MC6800 devices have TTL compatible signals. 

N-channel silicon gate, depletion load MOS technology is used for the MC6800. 


MOTOROLA 
A AND B 
SERIES PARTS 
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THE MC6800 CPU 


Functions implemented on the MC6800 CPU are illustrated in Figure 9-1; they represent typical CPU logic. As 
compared to other microprocessors described in this book, the MC6800 might be considered deficient in requiring ex- 
ternal clock logic; however, its principal competitor, the 8080A, requires external clock logic and Data Bus 
demultiplexing logic. 

The need for external clock logic simply reflects the fact that the MC6800 is one of the earlier microprocessors. 

THE MC6800 PROGRAMMABLE REGISTERS 

The MC6800 has two Accumulators, a Status register, an Index register, a Stack Pointer and a Program 
Counter. These may be illustrated as follows: 


8 bits 


8 bits 


16 

bits 

1 16 bits 1 

16 

DitS 


8 bits 


Accumulator A 
Accumulator B 
Index Register X 
Program Counter PC 
Stack Pointer SP 
Status Register 


© 


The two Accumulators, A and B, are both primary Accumulators. The only instructions which apply to one Ac- 
cumulator, but not the other, are the instructions which move statuses between Accumulator A and the Status register 
and the DAA (Decimal Adjust) instruction. 

The Index register is a typicai microcomputer Index register, as described in Volume 1. 

The MC6800 has a Stack implemented ini memory and indexed by the Stack Pointer, as described in Volume 1. 

Because of the nature of the MC6800 instruction set, it is more realistic to look upon the MC6800 Stack Pointer as a 
cross between a Stack Pointer and a Data Coupter, Memory reference instructions make it very easy to store the con- 
tents of either the Stack Pointer or the Index register in read/write memory: by maintaining a number of base page 
memory locations as storage for these two Address registers, each can be put to multiple use. 

The Program Counter is a typical Program Counter, as described in Volume 1. 

MC6800 MEMORY ADDRESSING MODES 

MC6800 memory reference instructions use direct addressing and indexed addressing. 

The MC6800 has an unusually large variety of three-byte memory referencing instructions; a 16-bit direct ad- 
dress is provided by the second and third bytes of the instruction. Therefore, 65,536 bytes of memory can be 
directly addressed. The commonly used memoiy reference instructions also have a base page, direct addressing 
option; fHis is a two-byte instruction, with a dne-byte address which can directly address any one of the first 
256 bytes of memory. 

All memory reference instructions are available with indexed addressing. Indexed addressing on the MC6800 
differs from indexed addressing as described in Volume 1, in that the one-byte displacement provided by the memory 
reference instruction is added to the Index register as an unsigned 8-bit value: 


Byte 1 


OP Code , 


Byte 2 


Instruction 


ppqq 


Index Register 


Effective Address = ppqq + OOxx 

p, q, and x represent any hexadecimal digits 


MC6800 programs can use the Stack Pointer as an Address register, but two bytes of read/write memory must be 
reserved for the current top of Stack address and interrupts must be disabled while the Stack Pointer is being used to 
address data memory. A single instruction allows an address to be loaded into the Stack Pointer; another single instruc- 
tion allows the Stack Pointer contents to be stored in read/write memory. In most programs, the Stack is unused for 
much of the time: therefore, given the low MC6800 overhead involved with swapping addresses between the Stack 
Pointer and read/write memory, making dual use of the Stack Pointer is advisable. 
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Figure 9-1. Logic of the MC6800 CPU Device 


Branch and Branch-on-Condition instructions use program relative, direct addressing; a single byte displacement 
is treated as a signed binary number which is added to the Program Counter, after Program Counter contents have 
been incremented to address the next sequential instruction. This allows displacements in the range +129 to -126 
bytes. 

One note of caution; Motorola's MC6800 literature uses the term "implied addressing" to describe instructions that 
identify one of the programmable registers. The closest thing the MC6800 has to implied addressing, as the term 
is used in this book, is indexed addressing with a zero displacement. 
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PIN NAME 

DESCRIPTION 

TYPE 

•A0-A15 

Address Lines 

Tristate, Output 

•D0-D7 

Data Bus Lines 

Tristate, Bidirectional 

•HALT 

Halt 

Input 

•TSC 

Three State Control 

Input 

•R/W 

Read /Write 

Tristate, Output 

•VMA 

Valid Memory Address 

Output 

•DBE 

Data Bus, Enable 

Input 

•BA 

Bus Available 

Output 

•IRQ 

Interrupt Request 

Input 

RESET 

Reset 

Input 

NMI 

Non-Maskable Interrupt 

Input 

<1)1, <1)2 

Clock Signals 

Input 

Vss- Vcc 

Power 


•These signals connect to the System Bus. 



Figure 9-2. MC6800 CPU Signals and Pin Assignments 


MC6800 STATUS FLAGS 

The MC6800 has a Status register which maintains five status flags and an interrupt control bit. These are the 
five status flags: 

Carry (C) 

Overflow (0) 

Sign (S) 

Zero (Z) 

Auxiliary Carry (Ac) 

Statuses are assigned bit positions within the Status register as follows: 
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The Carry status is standard for all additions and shift operations; however, Borrow logic sets the Carry status to 1 
when there is no carry out of the high-order bit during a subtract operation, while the carry status is reset to 0 if there is 
a carry out of the high-order bit during a subtract operation. For a discussion of Carry status logic during subtract 
operations, see the Status flag section of Chapter 4. 

I is the external interrupt enable/disable flag. When it is 1, interrupts via IRQ are disabled; when it is 0, interrupts via 
IRQ are enabled. 

MC6800 literature refers to the Sign bit as a negative bit, given the symbol N; the Overflow bit is given the symbol V, 
The Intermediate Carry bit represents the standard Carfy out of bit 3 and is referred to as the Half Carry bit, given the 
symbol H. Statuses are nevertheless set and reset as described for our hypothetical microcomputer in Volume 1. 

MC6800 CPU PINS AND SIGNALS 

The MC6800 CPU pins and signals are illustrated in Figure 9-2. A description of these signals is useful as a guide 
to the way in which the MC6800 microcomputer system works. 

The Address Bus is a tristate bus: it is 16 bits wide and is used to address all types of memory and external 
devices. 

The Data BUs is also a tristate bus; it is an 8-bit bidirectional bus via which data is transmitted between memory 
and all MC6800 microcomputer system devices. 

Control signals on the MC6800 Control Bus may be divided into bus state controls, bus data identification, and 
interrupt processing. 

These are the bus state control signals: 

Three State Control (TSC). This input is used to float the Address Bus and the read/write control 
output. 

Data Bus Enable (DBE). This signal is input low in order to float the Data Bus. When the Data 
Bus, the Address Bus and the read/write control output have all been floated. Direct Memory Access operations may be 
performed by external logic. DBE is frequently tied to the <1)2 clock input, in which case 02 and DBE are identical sig- 
nals. 

HALT. When this signal is input low, the CPU ceases execution at the end of the present instruction execution and 
floats the entire System Bus. 

Bus Available (BA). This line is output high when the Data and Address Busses have been floated following a HALT in- 
put only When BA is low, the CPU is controlling the Data and Address Busses: information on these busses is 
identified by the following two control signals: 

Read/Write (R/W). When high, this signal indicates that the CPU wishes to read data off the Data Bus: when low, this 
signal indicates that th^ CPU is outputting data on the Data Bus. The normal standby state for this signal is "read" 
(high).. 

Valid Memory Address (VMA). This signal is output high whenever a valid address has been output on the Address 
Bus. 

There are three interrupt processing signals as follows: 

IRQ. This signal is used to request an interrupt. If interrupts have been enabled and the CPU is not in the Halt state, 
then it will acknowledge the interrupt at the end of the currently executing instruction. 

Non-Maskable Interrupt (NMI). This signal differs from IRQ in that it cannot be inhibited. Typically, this input is used 
for catastrophic ihterrupis such as power fail. 

RESET. This is a typical reset signal. 

Note that a number of control signals output by the MC6800 are only capable of driving one standard TTL load. Some 
form of signal buffering and amplification will therefore be required in most systems. 


MC6800 
BUS STATE 
CONTROLS 
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MC6800 TIMING AND INSTRUCTION EXECUTION 


The MC6800 uses a relatively simple combination of two clock signals to time events within 
the microprocessor CPU and the microcomputer system in general. These two clock signals may 
be illustrated as follows: 


MC6800 

CLOCK 

SIGNALS 


I \ I V 


\ I \ f 


Observe that clock signals 01 and 02 both have high pulses which occur within the width of the 
other clock signal's low pulse. 

A further timing signal, given the symbol E, is used by support devices within an MC6800 microcomputer 
system. 01, 02 and E timing signals are generated by the clock logic devices described later in this chapter. 


Each repeating pattern of 01 and 02 signals constitutes a single machine cycle: 


MC6800 

MACHINE 

CYCLE 


© 


't>1 




One Machine 
Cycle 



One Machine 
Cycle 



I 

/ 

I 

I 

I 

4- 

I 

I 


V 


I 


J — u 

^L—f 
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MC6800 instructions require between two and eight machine cycles to execute. Interrupt instructions are an excep- 
tion, requiring longer instruction execution times. 

So far as external logic is concerned, there are only three types of machine cycles which can 
occur during an instruction's execution: 

1) A read operation during which a byte of data must be input to the CPU. 

2) A write operation during which a byte of data is output by the CPU. 

3) An internal operation during which no activity occurs on the System Bus. 

All MC6800 instructions have timing which is a simple concatenation of the three basic machine cycle types.. 
Let us therefore begin by looking at these three basic machine cycles. 

Figure 9-3 illustrates timing for a standard read machine cycle. Observe that in the normal 
course of events, neither the Address nor the Data Busses are available for DMA operations. The 
address output is stable for most of the machine cycle. Data needs to be stable for a short interval 
of time late in the machine cycle. Exact timing is given in MC6800 data sheets at the end of this 
chapter. 


MC6800 

READ 

MACHINE 

CYCLE 


MC6800 

MACHINE 

CYCLE 

TYPES 
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Figure 9-3. A Standard MC6800 Read Machine Cycle 


Figure 9-4 illustrates a standard MC6800 write machine cycle. This machine cycle is not as MC6800 

straightforward as the read. The address to which data is being written is stable on the Address WRITE 

Bus for the duration of the machine cycles; however, the data being written is stable for a period MACHINE 

within the high DBE pulse. While DBE is low. the Data Bus is floated. CYCLE 



Figure 9-4. A Standard MC6800 Write Machine Cycle 
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Under normal circumstances, DBE is identicai to <&2: 


(p2 


37 

36 


‘t>2 or DBE 



J — V 


/ 


If the high 02 pulse is too short for external logic to respond to the write, the slow external 
logic can be accommodated in two ways. You can input a DBE signal to the CPU that has a 
shorter low pulse and a longer high pulse. DBE and 02 are no longer identical signals; 


MC6800 WAIT 
STATE WITH 
SLOW 
MEMORY 



J — V 



DBE \__l A / 


There is some minimum time during which DBE must be low. since the CPU itself requires time to 

perform internal operations. This minimum time is given in the MC6800 data sheets at the end of ' this chapter. 

You can also accommodate slow memories by stretching the system clocks; this may be illustrated as follows: 



The standard clock devices, described later in this chapter, provide clock stretching logic. During 
and 02 cannot be held constant for more than 9.5 /nsec: the MC6800 is a dynamic device, and 
periods can result in loss of internal data. 

During an internal operation's machine cycle, there is no activity on the System Bus. R/W is 

in its normal high state and VMA is low. 

Table 9-2 defines the way in which individual MC6800 instructions concatenate machine 
cycles and use the System Bus during the course of instruction execution. 

The VMA and DBE signals require special mention, because their significance can easily be 
missed. External logic uses VMA as a signal identifying the address on the Address Bus as having 
been placed there by the CPU. DBE similarly identifies that portion of a machine cycle when the CPU is active at one 
end of the Data Bus, either transmitting or receiving data. And this is why these signals are so important: MC6800 
microcomputer systems rely heavily on clock signal manipulation as a means of accommodating slow memories, imple- 
menting Direct Memory Access, or refreshing dynamic memory. On the next few pages we are going to see examples 
of how this is done. So long as you understand that the VMA and DBE signals identify the unmanipulated portions of a 
standard machine cycle, you will have no trouble 'locating the time slices within which special operations such as 
Direct Memory Access or dynamic memory refresh are occurring. 


a clock stretch, 01 
longer static clock 


MC6800 

INTERNAL 

OPERATIONS 

MACHINE 

CYCLE 
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THE HOLD STATE, THE HALT STATE AND DIRECT MEMORY ACCESS 

The Hold state typically describes a CPU condition during which System Busses are floated, so that external 
logic can perform Direct Memory Access operations. 

Though the MC68d6 literature does not talk about a Hold state, this microprocessor does indeed have two 
equivalent conditions. 

You can float the Address and Data Busses separately, using the TSC and DBE signals. 

You can enter an MC6800 Halt state, which is equivalent to our definition of a Hold state. 

Let us begin by looking at the use of TSC and DBE signals. 

The Three State Control signal (TSC), if input high, will float the Address Bus and R/W line. VMA and BA are forced 
low. The unusual feature of the Three State Control input is that when this signal is input high, you must 
simultaneously stop the clock by holding <I>1 high and ‘I>2 low. Timing is illustrated in Figure 9-5. Now the MC6800, 
being a dynamic device, will lose its data contents if the clock is stopped for more than 9.5 /tsec. You must therefore 
float the Address Bus just long enough to perform a single Direct Memory Access. 



Just as the Three State Control input floats the Address Bus, so the Data Bus Enable input (DBE) floats the Data Bus. 
When DBE is input low. the Data Bus is floated. 

The clock devices, which are described later in this chapter, provide all necessary clock stretching logic. 

There are two very important points to note regarding the use of Three State Control (TSC) and Data Bus Enable (DBE) 
signals. 

First of all, note carefully that the Bus Available (BA) signal is held low when the busses are floated by the Three State 
Control (TSC) and Data Bus Enable (DBE) signals. The purpose of the Bus Available signal is to indicate that the System 
Bus is available during a Halt or Wait state, both of which we have yet to describe. 

The second important feature of the Three State Control (TSC) and Data Bus Enable (DBE) signals is that they do indeed 
float the System Bus in two halves. Now in many MC6800 systems 02 and DBE are the same signal; in such a con- 
figuration you will automatically float the Data Bus whenever you float the Address Bus, as illustrated in Figure 9-6. 

Now consider the MC6800 Halt state. 

The Halt state of the MC6800 is equivalent to the Hold state of the 8080A. If a low HALT is input to the MC6800, 
then upon conclusion of the current instruction's execution, the System Bus is floated. Timing is illustrated in Figure 
9-7. O^erve that the Bus Available signal, BA, is output high; VMA is output low. The Address and Data Busses, and 
the R/W control are floated. 

In summary, the MC6800 provides two means of performing Direct Memory Access operations. You can. use 
the TSC and DBE inputs to gain control of the System Bus for as long as it takes to perform a single DMA ac- 
cess, or you can use the HALT input, following which external logic can gain controi of the System Bus for as 
long as you wish. 
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Conceptually, the MC6800 scheme for implementing Direct Memory Access or dynamic memory refresh, is very 
elegant. If you stretch the 4*1 and 4>2 clock signals, then you can transfer the normal CPU generated address, 
and an extraneous address within one machine cycle. VMA identifies the CPU generated address. Within the 
one machine cycle can perform two Data Bus transfers: the first is in response to the external address, while 
the second is in response to the CPU address. Now DBE identifies the CPU response. This scheme may be illustr- 
ated as follows: 






From this conceptualiy eiegant beginning, some very complex design considerations can arise. Complexities 
disappear, however, when standard 6800 support devices are used to impiement direct memory access ibgic. 
Specificaliy, you should use the MC6875 clock device in conjunction with the 6844 Direct Memory Access 
controiler. 
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INTERRUPT PROCESSING, RESET AND THE WAIT STATE 

MC6800 microcomputer system interrupt logic, as implemented within the 6800 CPU, is based on polling 
rather than vectoring. The MC6828 Priority Interrupt Control device, described iater in this chapter, extends 
CPU interrupt iogic to provide vectored interrupt response. All normal interrupt requests, when acknowledged, 
result in an indirect addressing Call to a single high memory address. If more than one device can request an interrupt, 
then the basic assumption made is that the interrupt service routine will initially read the Status register contents of ev- 
ery device that might be requesting an interrupt; and by testing appropriate status bits, the interrupt service routine 
will determine which interrupt requests are active. If more than one interrupt request is active, interrupt service routine 
logic must decide the order in which interrupt requests will be acknowledged. 

But be warned: this type of polling quickly becomes untenable as a means of controlling microcomputer systems 
with multiple random interrupts. If you have more than two or three competing external interrupts, the time taken to 
read Status register contents and arbitrate priority will become excessive. If your application demands numerous exter- 
nal interrupts, then you must resort to external hardware which implements interrupt vectoring. We will describe ways 
in which this can be done. 

If you casually look at a description of MC6800 interrupt logic, you may at first believe that some level of interrupt vec- 
toring is provided. In reality, that is not the case. 
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The MC6800 sets aside the eight highest addressable memory locations for interrupt processing purposes. Four 
16-bit addresses are stored in these eight memory locations, identifying the interrupt service routine's starting 
address for the four possible sources of interrupt. This is how the eight memory locations are used: 


o 

ffi 

CO 

o 

s 

< 

Q 

< 


FFF 8 and FFF9 
FFFA and FFFB 
FFFC and FFFD 
FFFE and FFFF 


Normal external interrupt 
Software interrupt 
Non-maskable interrupt 
Reset (or restart) 


The lower address {FFF 8 , FFFA, FFFC. FFFE) holds the high order byte of the starting address. 


In the event of simultaneous interrupt requests, this is the priority sequence during the 
acknowledge process: 


Highest 

( 1 ) 

Restart 


( 2 ) 

Non-maskable interrupt 


(3) 

Software interrupt 

Lowest 

(4) 

Normal external interrupt 


MC6800 

INTERRUPT 

PRIORITIES 


Only the lowest priority interrupt is normally used by the typical support device that is capable of requesting interrupt 
service. The three higher priority interrupt levels represent special conditions and cannot be accessed by the standard 
external interrupt request. 


We will begin our discussion of MC6800 interrupt processing by describing the four interrupts. 


The normal external interrupt request is the standard interrupt present on all 
microprocessors that support interrupts: it is equivalent to the 8080A INT input. In very simple 
systems, the addresses FFF 8 i 0 and FFF 9 i 0 may indeed access real memory locations; in the 
multiple interrupt MC6800 microcomputer systems, FFF9i 0 is more likely to select an 8 -bit buffer 
within which an address vector is stored identifying the interrupting source. This is essentially 
how the MC6828 Priority Interrupt Controller (PIC) works. 

A software interrupt is initiated by the execution of the SWI instruction. What the SWI in- 
struction does is cause the MC6800 to go through the complete logic of an interrupt request and 
acknowledge, even though the interrupting source is within the CPU. Software interrupts are 
typically used as a response to fatal errors occurring within program logic. Whenever your pro- 
gram logic encounters a situation that must not, or should not exist, the error condition is trapped 
by executing an SWI instruction; this causes a call to some general purpose, error recovery pro- 
gram. 


MC6800 

NORMAL 

EXTERNAL 

INTERRUPTS 


MC6800 

SOFTWARE 

INTERRUPT 

MC6800 

SWI 

INSTRUCTION 


The non-maskable interrupt cannot be disabled. Otherwise it is identical to the normal ex- 
ternal interrupt request. Note that the 8080A has no non-maskable interrupt: however, the 
Zilog Z80 and the 8085 have incorporated this feature. 


MC6800 

NON-MASKABLE 

INTERRUPT 


A Reset is treated as the highest priority interrupt in an MC6800. How does the Reset differ from — 

the non-maskable interrupt? Conceptually, the non-maskable interrupt is going to be triggered by MC6800 

a termination condition such as power failure, while the Reset is going to be triggered by an in- RESET 

itiating condition such as power being turned on. 


There are some differences between the MC6800's response to a Reset as compared to any other interrupt re- 
quest. 


T 0 contrast the two, we will look at the normal interrupt acknowledge sequence, and then we will look at a reset. Figure 
9-8 illustrates MC6800 response to a normal external interrupt, a software interrupt, or a non-maskable inter- 
rupt. In each case, the interrupt request will be acknowledged upon completion of an instruction's execution. A normal 
external interrupt will only be acknowledged providing interrupts have been enabled. 

If more than one interrupt request exists, then the highest priority interrupt will be acknowledged. 

Following the interrupt acknowledge, normal interrupts are disabled by the CPU, which then pushes onto the Stack the 
contents of all internal registers. This process is illustrain Figure 9-8. The Program Counter is then loaded with the ap- 
propriate interrupt service routine starting address, which will be fetched from memory locations FFF 810 and FFF 9 i 0 , 
FFFA 10 and FFFB -10 or FFFC 10 and FFFD 10 . 
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Figure 9-8. MC6800 Interrupt Acknowledge Sequence 


Referring to Figure 9-8, note that an interrupt is acknowledged following the last machine cycle for the instruction dur- 
ing which the interrupt request occurred. During the first two machine cycles following the interrupt acknowledge, an 
instruction fetch is executed, as it would have been had the interrupt not occurred. This instruction fetch is aborted 
and will reoccur after the interrupt service routine has completed execution. Two machine cycles are expended per- 
forming this aborted instruction fetch. 

Following the aborted instruction fetch, CPU registers' contents are pushed onto the Stack in the following order: 


• Lower half of Program Counter 

• Upper half of Program Counter 

• Lower half of Index register 

• Upper half of Index register 

• Accumulator A 

• Accumulator B 

• Status register 

When the 8080A acknowledges an interrupt, if CPU registers' contents are going to be saved on the Stack, you must 
execute individual instructions to perform the operations which the MC6800 perforrhs automatically. The advantage of 
the MC6800's scheme is that it saves instruction execution time. The disadvantage of this scheme is that there are oc- 
casions when you do not need to bother saving registers' contents. 

After all CPU registers' contents have been saved on the Stack, the next two machine cycles are used to fetch an ad- 
dress from the appropriate two high memory bytes. This address is loaded into the Program Counter, causing a branch 
to the appropriate interrupt service routine. 
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We will now examine the MC6800 Reset operation. 

Figure 9-9 illustrates Reset timing. First of all, note that RESET must be held low for at least 
eight m achine cycles to give the CPU sufficient_response time. On the high-to-low transition of 
RESET the CP U outputs VMA and BA low and R/W is high. On the subsequent low-to-high transi- 


The MC6800 

RESET 

OPERATION 


tion of RESET, maskable interrupts are dis abled, t hen the contents of memory locations FFFE-] 5 and FFFFi 0 are fetched 


and lo aded into the Program Counter. If RESET is not held low for a minimum of eight machine cycles, then when 


RESET is input high again, indeterminate program execution may follow. 


It is ab solutely vital that the RESET rise time is less than 100 nanoseconds on the low-to-high transition of 
RESET. 


We stated that the difference between a Reset and a non-maskable interrupt is that the Reset represents initiation con- 
ditions. This is illustrated in Figure 9-9. which includes the power supply level. When power is first turned on. the 
MC6800 will automatically trigger a Reset when power increases above -F4.75 volts: this is in response to the normal 
powering up sequence. The fact that Reset represents initiation conditions also explains why no CPU registers’ con- 
tents are saved, as occurs with any other interrupt. Clearly, if we are initiating operations, there can be no prior 
registers' contents to be saved. Therefore pushing registers' contents on the Stack would be pointless and impossi- 
ble; it would be pointless because there is nothing to save; it would be impossible because when powering up, we 
have no idea what the Stack Pointer contains. 

Powering up an MC6800 microcomputer system represents a special Reset case. Those 
MC6800 microcomputer system devices that have an external Reset input control, expect this 
control to be held low while power is being turned on for the first eight clock cycles following 
power-up. When designing Reset logic be sure to keep this in mind. 

MC6800 configurations using 8080A support devices are easy to design and commonly seen. 

Necessary system bus logic is described later in this chapter. But if you have such a mixed configuration, be sure to 
satisfy the separate and distinct Reset requirements of the MC6800 CPU as against the 8080A support devices. 


MC6800 
RESET 
bURING 
POWER UP 
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We complete our discussion of the MC6800 interrupt logic with a discussion of the WAI 
instruction, which puts the MC6800 into a “Wait-for-lnterrupt” state. 

A WAI instruction is executed when the CPU has nothing to do except wait for an inter- 
rupt. Rather than pushing registers' contents onto the Stack following the interrupt 
acknowledge, as illustrated in Figure 9-8, the WAI instruction pushes registers' contents onto 
the Stack while waiting for the interrupt, as illustrated in Figure 9-10. Thus some execution 
time is saved. 

Once all registers' contents have been pushed onto the Stack, the MC6800 floats the System Bus in the Wait state. 
This gives rise to another frequent use of the WAI instruction: block data transfers under DMA control. 

Consider again the sequence of events which follows the WAI instruction execution: 

1) All registers' contents are pushed onto the Stack. 

2) The System Bus is floated. 

This is very convenient if you are going to transfer a large block of data via DMA, because you will announce the end of 
the DMA transfer with an interrupt request. This method of handling block DMA transfers has been discussed in 
Volume I. Now when using an MC6800 microcomputer system, all you need to do is initiate the actual DMA transfer by 
executing a WAI instruction; knowing that once the DMA transfer has been completed, an interrupt will be requested 
and program execution can continue. 

THE MC6800 INSTRUCTION SET 

Table 9-1 summarizes the MC6800 instruction set; this instruction set is characterized by a heavy use of read/write 
memory and a rich variety of instructions that are able to manipulate the contents of memory locations as though they 
were programmable registers. Whereas the primary memory reference instructions offer base page direct addressing, 
extended direct addressing or indexed addressing, secondary memory reference instructions offer extended direct ad- 
dressing and indexed addressing only. This simply means that secondary memory reference instructions use three-byte 
direct addressing even when a base page byte must be accessed. 


MC6800 
USE OF 
WAIT FOR 
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MC6800 
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MC6800 

WAI 
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Of the microcomputers described in this chapter, the MC6800 has one of the largest varieties of Branch-on- 
Condition instructions. Note that these and the unconditional Branch instructions are the only MC6800 instructions 
which use program relative direct addressing. 

When comparing the MC6800 and 8080A instruction sets, the conclusion we must draw is that the MC6800 is 
going to have to rely on a large number of memory reference instructions. You are going to have to set up programs 
with this in mind. As a result, relatively simple programs will make the MC6800 look better than the 8080A, because 
the MC6800 has such a diverse variety of memory reference instructions. The moment a program starts to become 
complicated, the large number of 8080A registers is quickly going to become an advantage, since the MC6800 will be 
forced to execute memory reference instructions where the 8080A can use register-register instructions. 

The SWI and WAI instructions within the interrupt instruction group are relatively unusual within microcom- 
puter systems. 

The SWI instruction initiates a normal interrupt sequence, taking the interrupt service routine's starting address from 
memory locations FFFA 10 and FFFB 10 . 

The WAI instruction prepares for an interrupt by saving the contents of all registers and status on the Stack: the 
System Bus is then floated while the CPU waits for an interrupt request to occur. 

We have described both the SWI and WAI instructions in some detail earlier in this chapter. 

The one set of instructions which are missing, and which would greatly enhance the MC6800 instruction set, are in- 
structions that move data between the Accumulator and the Index register, or allow Accumulator contents to be added 
to the Index register. 

THE BENCHMARK PROGRAM 

The benchmark program is coded for the MC6800 as follows: 


STS 

SSP 

SAVE STACK POINTER CONTENTS IN MEMORY 

LDX 

#TABLE 

LOAD TABLE BASE ADDRESS INTO INDEX REGISTER 

LDX 

o,x 

LOAD ADDRESS OF FIRST FREE TABLE BYTE 

LDS 

#IOBUF 

LOAD I/O BUFFER STARTING ADDRESS 

LOOP PULL 

A 

LOAD NEXT BYTE INTO A 

STAA 

0,X 

STORE IN NEXT FREE TABLE BYTE 

INX 


INCREMENT INDEX REGISTER 

DEC 

lOCNT 

DECREMENT I/O BYTE COUNT IN MEMORY 

BNE 

LOOP 

RETURN FOR MORE BYTES 

STX 

TABLE 

STORE NEW ADDRESS FOR FIRST FREE TABLE BYTE 

LDS 

SSP 

RELOAD STACK POINTER 


The memory initialization for the MC6800 interpretation of the benchmark program is identical to the memory initializa- 
tion for the 8080A benchmark program. The MC6800 assumes that there is some memory location in which the current 
real Stack address can be stored, so that the Stack Pointer may be used as a Data Counter. 

In Table 9-1, symbols are used as follows; 

ACX Either Accumulator A or Accumulator 8 

The registers: 

A.B Accumulator 

X Index register 

PC Program Counter 
SP Stack Pointer 

SR Status register 

Statuses shown: 

C Carry status 

Z Zero status 

S Sign status 

0 Overflow status 

1 Interrupt status 

Aq Auxiliary Carry status 

Symbols in the STATUSES column; 

(blank) operation does not affect status 
X operation affects status 

0 flag is cleared by the operation 

1 flag is set by the operation 
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ADR8 

ADR16 

B2 

B3 

DATA 
DATA 16 
DISP 
xx(HI) 
xx(LO) 

[ ] 

[[ ]] 
[MEM] 


[M] 


A 

V 


An 8-bit (1 -Byte) quantity which may be used to directly address the first 256 locations in memory, or may 
be ah, 8-bit unsigned displacement to be added to the Index register. 

A 16-bit memory address 

Instruction Byte 2 

Instruction Byte 3 

An 8-bit binary data unit 

A 16-bit binary data unit 

An 8-bit signed binary address displacement 

The high order 8 bits of the 1 6-bit quantity xx; for example, SP(HI) means bits 1 5 - 8 of the Stack Pointer. 
The low order 8 bits of the 1 6-bit quantity xx: for example, PC(LO) means bits 7 - 0 of the Program Counter. 
Contents of location enclosed within brackets. 

Implied memory addressing; the contents of the memory location designated by the contents of a register. 
Symbol for memory location indicated by base page direct, extended direct, or indexed addressing. 

That is: 

[MEM] = [ADR8i 
or 

[ADR16] 

or 

[[X1+ADR8] 

Symbol for memory location indicated by extended direct or indexed addressing. That is: 

[M] = [ADR16] 
or 

[[X1+ADR8] 

Logical AND 
Logical OR 
Logical Exclusive-OR 

Data is transferred in the direction of the arrow. 
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Table 9-1. A Summary of the MC6800 Instruction Set 


TYPE 

MNEMONIC 

OPERANDIS) 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

z- 

s 

0 

Ac 

1 


LOA 

ACX.ADR8 

2 


X 

X 

0 



fACXl— [MEM] 

£ 


acx;adri6 

3 







Load A or B using base page direct, extended direct, or indexed addressing. 

o 

STA 

ACX,ADR8 

2 


X 

X 

0 



[MEM]— [ACXJ 

< 


ACX,ADR16 

3 







Store A or B using direct, extended, or indexed addressing. 

o 

LOX 

. ADR8 

2 


X 

X 

0 



[XIHI))— [MEM], [XILO)]— [MEM+ll 

z 

lU 


ADR16 

3 







Load Index register using direct, extended, or indexed addressing. Sign status reflects Irtdex 

UJ 










register bit 15. 

lU 

STX 

AbR8 

2 


X 

X 

0 



[MEM]— [XIHD], [MEM+ 1]— [X(LO)] 

>- 


ADR 16 

3 







Store contents of Index register using direct, extended, or. index^ addressing.' Sign status 

O 










reflects Index register bit 15. 

u 

LOS 

ADR8 

2 


X 

X 

0 



[SPIHI)]— [MEM], [SPILO)]— [MEM+ 1] 

z 


AOR16 

3 







. Load Stack Pointer using direct, extetided, or indexed addressing. Sign status reflects Stack 

>• 










Pointer bit 15. 

< 

STS 

ADR8 

2 


X 

X 

0 



[MEM]— [SPIHI)]. [MEM + 1] — [ SPILO)] 

ee 


ADR 16 

3 







Store contents of Stack Pointer using direct, extended, or indexed addressing. Sign status 

a. 










reflects Stack Pointer bit 15. 


ADD 

ACX,ADR8 

2 

X 

X 

X 

X 

X 


[ACX]— [ACX]+ [MEM] 



ACX.ADR16 

3 







Add to Accumulator A or B using base page direct, extended direct, or indexed addressing. 


ADC 

• ACX.ADR8 

2 

X 

X 

X 

X 

X 


[ACX] — [ACX] + [MEM] + C 



ACX.ADR16 

3 







Add with carry to Accumulator A or B using direct, extended, or indexed addressing. 

►- 

AND 

ACX.ADR8 

MM 


X 

X 

0 



[ACX] — [ACX] A [MEM] 



ACX.ADR16 








AND with Accumulator A or B using direct, extended, or indexed addressing. 

u 

(L 

BIT 

ACX,ADR8 



X 

X 

0 



[ACX] A [MEM] 

>- 


ACX.ADR16 

MM 







AND with Accumulator A or B, but only Status register is affected. 

S 

o 

CMP 

ACX,ADR8 


X 

,x 

X 

X 



[ACX]- [MEM] 

_s 


ACX,ADR16 

3 







Compare with Accumulator A or B lonly Status register is affected). 

”s 

EOR 

ACX,A0R8 

2 


X 

X 

0 



[ACX]— [ACX]V[MEM] 

UJ 


ACX,ADR16 

3 







Exclusive-OR with Accumulator A or B using direct, extended, or indexed addressing. 

Z 

ORA 

ACX.ADR8 

2 


X 

X 

0 



[ACX] — [ACX] V [MEM] 

fiC 


ACX.ADR16 

3 







OR with Accumulator A or B using direct, extended, or indexed addressing. 

u. 

SUB 

ACX,ADR8 

2 

X 

X 

X 

X 



[ACX]— [ACX]- [MEM] 

cc 


ACX,A0R16 

3 







Subtract from Accumulator A or B using direct, extended, or indexed addressing. 

> 

ce 

SBC 

ACX,AOR8 

2 

X 

X 

X 

X 



[ACX]— [ACX]- [MEM]- C 

o 

s 


ACX,A0R16 

3 







Subtract with carry from Accumulator A or B using direct, extended, or indexed addressing. 

UJ 

CPX 

A0R8 

2 


X 

X 

X 



[ XIHI)] - [ MEM], [ XILO)] - [ MEM 1 ] 

> 


ADR 16 

3 







Compare with contents of Index register lonly Status register is affected). Sign and Overflow 

ce 










statuses reflect result on most significant byte. 

o 

CLR 

ADR8 

2 

0 • 

1 

0 

0 



[M]— 6o„ 

o 


ADR 16 

3 







Clear memory location using extended or indexed addressing. 


COM 

ADR8 

2 

1 

■1 

X 

0 



[M]— [Ml 

U 


ADR16 

3 







Complement contents of memory location lones complement). 


NEC 

ADR8 

2 

X 


X 

X 



[Ml- 00„-[M] 



ADR 16 

3 


Bi 





Negate contents of memory location Itwos complement). Carry status is set if result is 00„ and 






■ 





' reset otherwise. Overflow status is set if result is 80,, and reset otherwise. 





SECONDARY MEMORY REFERENCE (MEMORY OPERATE) 


TYPE 


MNEMONIC 


OPERAND(S) 


BYTES 


STATUS 





c 

z 

s 

0 

Ac 

DEC 

ADR8 

B 


X 

X 

X 



ADR 16 

B 






INC 

AOR8 



X 

X 

X 



ADR 16 

B 






ROL 

ADR8 

2 

X 

X 

X 

X 



ADR 16 

3 






ROR 

ADR8 

2 

X 

X 

X 

X 



ADR 16 

3 






ASL 

ADR8 

2 

X 

X 

X 

X 



ADR16 

3 






ASR 

ADR8 

2 

X 

X 

X 

X 



ADR 16 

3 






LSR 

ADR8 

2 

X 

X 

0 

X 



ADR 16 

3 






TST 

ADR8 

2 

0 

X 

X 

0 



ADR 16 





^B 

^B 

LDA 

ACX,DATA 

■ 

■ 

■ 

■ 

■ 

■ 

LDX 

DATA 16 

■ 

1 

B 

B 

B 

B 




LOS 


DATA 16 


OPERATION PERFORMED 


(Ml— (M]-1 

Decrement contentsi of , memory location, using extended or indexed addressing. Overflow 
status is set if operand was 80,, before execution, and cleared otherwise. 

(Ml— [M] + 1 

Increment contents of memory location, using extended or indexed addressing. Overflow status 
is set if operand was 7F,, before execution, and cleared otherwise. 



[M] 


Rotate contents of memory location right through cany. 



[Ml 


Arithmetic shift left. Bit 0 is set to 0. 



[Ml 


Arithmetic shift right. Bit 7 stays the same. 



Logical shift right. Bit 7' is set to 0. 

[Mi-00,, 

Test contents of memory location for zero or negative value. 

[ACXl— DATA 
Load A or B immediate. 

[X(HI)1— [B21, [X(LO)i — [B31 

Load Index register immediate. Sign status reflects Index register bit 15. 
[SP(HI)1 — [B21, [X(LO)l— [B31 

Load Stack Pointer immediate. Sign status reflects Stack Pointer bit 15. 

[ACXl— [ACXl + DATA 
Add immediate to Accumulator A or B. 

(ACXl— [ACXl + DATA + C 
Add immediate with carry to Accumulator A or B. 

[ACXl— [ACXl A DATA 
AND immediate with Accumulator A or B. 
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Table 9-1. A Summary of the MC6800 Instruction Set (Continued) 








STATUS 


TYPE 


OPERANDIS) 






OPERATION PERFORMED 



C 

z 

S 

0 

Ac 

1 





BIT 

ACX,DATA 

2 


X 

X 

0 



tACXlADATA 











AND immediate with Accumulator A or B. but only the Status register is affected. 


CMP 

ACX,DATA 

2 

X 

X 

X 

X 



[ACXl - DATA 

UJ 










Compare immediate with Accumulator A or B (only the Status register is affected). 

Is 

EOR 

ACX,DATA 

2 


X 

X 

0 



[ACXl— lACXlV-DATA 

Exclusive-OR immediate with Accumulator A or B. 

Si 

ORA 

ACX.OATA 

2 


X 

X 

0 



[ACXl— [ACXl V DATA 

“1 










OR immediate with Accumulator A or B. 

s ° 

SUB 

ACX,DATA 

2 

X 

X 

X 

X 



[ACXl— [ACXl -DATA 

o o 
lu a 










Subtract immediate from Accumulator A or B. 

S 

2 

SBC 

ACX.DATA 

2 

X 

X 

X 

X 



[ACXl— [ACXl -DATA- C 


CPX 

DATA16 

3 


X 

X 

X 



Subtract immediate with carry from Accumulator A or B. 

[XIHDl- [B2l, [X(L0)1- [B31 











Compare immediate with contents of Index register (only the Status register is affected). Sign 
and Overflow status reflect result on most significant byte. 


JMP 

ADR8 

2 







[PCI— [Xl + ADR8or 



A0R16 

3 







[PC(HI)l-[B2l, [PaL0)l-[B3l 











Jump to indexed or extended address. 


JSR 

A0R8 

2 







[[SPll— [PaLO)l, [[SPMl— [POHI)!, [SPl — [SPl-2 



ADR16 

3 







[PCI— [X1 + ADR8 or. 

0. 

S 










[PC(HI)1— [B21, [POLO)!- [B3l 

D 

BRA 

DISP 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Jump to subroutine (indexed or extended addressing). 

[PCI— [PCI + DISP + 2 











Unconditional branch relative to present Program Counter contents. 


BSR 

DISP 

1 

1 

■ 

■ 

1 

1 

■ 

[[SPll— [PC(L0)1. [[SPl-11— [PC(HI)1. [SPl— [SPl-2, 

[pel— [pel + DISP + 2 






■ 

■ 



■ 

Unconditional branch to subroutine located relative to present Program Counter contents. 


BCC 

DISP 

2 







[ PCI — [ PCI + DISP + 2 if the given condition is true: 


BCS 

DISP 

2 







C = 0 (Branch if carry clear) 


BEQ 

DISP 

2 







C = 1 (Branch if carry set) 


BGE 

DISP 

2 







Z = 1 (Branch if equal to zero) 

o 

BGT 

DISP 

2 







S -V-0 = 0 (Branch if greater than or equal to zero) 


BHI 

DISP 

2 







Z V (S-V-0) = 0 (Branch if greater than zero) 

i 

BLE 

DISP 

2 







C V Z = 0 (Branch if Accumulator contents higher than comparand) 


BLS 

DISP 

2 







Z V (S-V-0) = 1 (Branch if less than or equal to zero) 


BLT 

DISP 

2 







C V Z = 1 (Branch if Accumulator contents less than or same as comparand) 

■ I 

BMI 

DISP 

2 







S -V-0 = 1 (Branch if less than zero) 

o 

BNE 

DISP 

2 







S = 1 (Branch if minus) 

< 

BVC 

DISP 

2 







Z = 0 (Branch if not equal to zero) 

a 

BVS 

DISP 

2 







0=0 (Branch if overflow clear) 


BPL 

DISP 

2 







0 = 1 (Branch if overflow set) 

S = 0 (Branch if plus) 
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Table 9-1. A Summary of the MC6800 Instruction Set (Continued) 








STATUS 


TYPE 

MNEMONIC 

OPERANO(S) 

BYTES 





OPERATION PERFORMED 

C 

z 

S 

0 

Ac 

1 






BC 

TAB 




X 

X 

0 



[B]-[A] 

'IS 










’ Move Accumulator A contents to Accumulator B. 

5 

TBA 


1 


X 

X 

0 



[A]-[Bl 











Move Accumulator B contents to Accumulator A. 

e o 

IS 2 
<0 

O 

TXS 


1 







[spj^[xi-i 










Move Index register contents to Stack Pointer and decrement. 

TSX 


1 







[X]*-[SPl + 1 

OB 










Move Stack Pointer contents to Index register and increment. 


ABA 


1 

X 

X 

X 

X 

X 


tA]-tA]+. [B] 

K flC iij 

n cQ 2 

5 o !P 










Add contents of Accumulators A and B. 

CBA 


1 

X 

X 

X 

X 



[A]-[B] 

Compare contents of Accumulators A and B. Only the Status register ia affsetsd. 

Uj uj CL 

s S o 

SBA 


1 

X 

X 

X 

X 



[A]-[Al.[Bl 











Subtract contents of Accumulator B from those of Accumulator A. 


CLR 

ACX 

1 

0 

1 

p 

0 



[ACX]— 00„ 











Dear Accumulator A or B. 


COM 

ACX 

1 

1 

X 

X 

0 



[ACX]— [ACX] 











Complement contents of Accumulator A or B (ones complement). 


NEC 

ACX 

1 

X 

X 

X 

X 



[ACX]-00„. [ACX] 











Negate contents of Accumulator A or B (twos complement). Carry status is set if result is 00,, 
and reset otherwise. Overflow status is set if result is 80„ and reset otherwise. 


OAA 



X 

X 

.X 

X 



Decimal adjust A. Convert contents of A (the binary sum of BCD operands) to BCD format. Carry 
status is set if value of upper four bits is greater than 9, but not cleared if previously set. 


DEC 

ACX 

1 


X 

X 

X 



[ACX]— [ACX]- 1 











Decrement contents of Accumulator A or B. Overflow status is set if operand was 80,, before 











execution, and cleared otherwise. 

H 

< 

DEX 


1 


X 





[X] — [X]-1 

Ul 










Decrement contents of Index register. 

O 

DES 


1 







[SP] — [SP]-1 

CC 










Decrement contents of Stack Pointer. 

CO 

INC 

ACX 

1 


X 

X 

X 



[ACX]— [ACX] + J 

a 










Increment contents of Accumulator A or B. Overflow status is set if operand was 7F,, before ex- 

cc 

INX 


1 


X 





ecution, and cleared otherwise. 

[xi — [X]+1 











Increment contents of Index register. 


INS 


1 







[SP] — [SP]+1 











Increment contents of Stack Pointer. 


ROL 

ACX 

1 . 

X 

X 

X 

X 














[ACX] 











Rotate Accumulator A or B left through carry. 
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Table 9-1. A Summary of the MC6800 Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 

C 

z 

s 

0 

Ac 

1 


ROR 

ACX 

1 

X 

X 

X 

X 



O-SVC 

a 










[ACX] 

o 










Rotate Accumulator A or B right through carry. 

2 

Jr 

ASL 

ACX 

1 

X 

X 

X 

X 



fcV^— T^i 0. o-s-i^c 

O 










[ACX] 











Arithmetic shift .left. Bit 0 is set to 0. 

K 

ASR 

ACX 

1 

X 

X 

y. 

X 



L|7 ►Ol C 1 0— SVC 

0. 










[ACX] 

e 

w 










Arithmetic shift right. Bit 7 stays the same. 


LSR 

ACX 

1 

X 

X 

0 

X 



0 7 ►n 0 -SVC 

UJ 

K 










Logical shift right. Bit 7 is set to 0. 


TST 

ACX 

1 

0 

X 

X 

0 



,[ACX]-00„ 











test contents of Accumulator A or B for zero or negative value. 


PSH 

ACX 

1 







[[SP]]-[ACX] 











[SP]-(SP]-1 











Push contents of Accumulator A or B onto top of Stack and decrement Stack Pointer. 


PUL 

ACX 

1 







[SP]-[SP] + 1 











[ACX]— [[SP]] 











Increment Stack Pointer and pull Accumulator A or B from top of Stack. 


RTS 


1 







[PC(HI)]— [[SP]+ 1], [POLO)]- [[SPj + 2], [SP] — [SP] + 2 











Return from subroutine. Pull PC from top of Stack and increment Stack Pointer. 


CU 


1 






0 

1—0 











Clear interrupt mask to enable interrupts. 


SEI 


1 






1 

1 — 1 











Set interrupt mask to disable interrupts. 


RTI 


1 

X 

X 

X 

X 

X 

X 

[SR]— [[SP]+1]. 











lB]-[[SP] + 2]. 











[A]— [[SP] + 3]. 











[X(HI)] — [[SP] + 4]. 

0. 

. 3 










[X(LO)] — [[SP] + 5], 

ce 

flC 










[POHI)]- [[SP] + 6]. 











[PQLO)]- [[SP] + 7], 











[SP]— [SP] + 7 











Return from interrupt. Pull registers from Stack and increment Stack Pointer. 




STATUS INTERRUPT (CONTINUED) 


Table 9-1. A Summary of the 



Instruction Set (Continued) 


OPERATION PERFORMED 


IISP]] — tPC(LO)], 
t(SPl-1] — tPC(HI)], 

((SPl-2] — [X(LO)l, 
ttSP]-3)-tX(HI)], 
tISP)-4]-[A], 
nSP]-5) — (BI, 

(ISP]-6l— [SRl, 

(SPl — [SP]-7, 

[POHI)]— tFFFA„I 
tPC(LO)] — [FFFB„] 

Software Interrupt: push registers onto Stack, decrement Stack Pointer, and jump to interrupt 
subroutine. 

IISP]]— [PC(LO)], 

ItSPMl — [POHI)]. 

[(SP]-2)— [X(LO)], 
tISP]-3l— [X(HI)], 

IlSP]-4l-[Al, 

IISP]-5]-[Bl. 

IISPl-61 — [SR], 

[SP]— [SPl-7 

Push registers onto Stack, decrement Stack Pointer, and wiat for interrupt. If [l]=1 when WAI is 
executed, a non-maskable interrupt is required to exit the Wait state. Otherwise, [1]*— 1 when 
the interrupt occurs. 


C —0 
Clear carry 
C — 1 
Set carry 
0—0 

Clear overflow status bit 
0 — 1 

Set overflow status bit 
ISRl-lAl 

Transfer contents of Accumulator A to Status register. 
[Al-ESRl 

Transfer contents of Status register to Accumulator A. 


No Operation 
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MC6800 SUMMARY OF CYCLE BY CYCLE OPERATION 

This table provides a detailed description of the information present on the Address Bus, Data Bus, Valid Memory Ad- 
dress line (VMA), and the Read/Write line (R/W) during each cycle for each instruction. 


This information is useful in comparing actual with expected results during debug of both software and hardware as 
the control program is executed. The information is categorized in groups according to Addressing Mode and Number 
of Cycles per instruction. (In general, instructions with the same Addressing Mode and Number of Cycles execute in the 


same manner: exceptions are indicated in the table.) 
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Op Codv 
OffMt 

lrr»l«vant Data (Nota U 
Irralavant Data (Nota 1) 
Currant Oparand Data 
Irralavant Data (Nota 1 ) 
Naw Oparand Data (Nota 3) 


Op Coda 
Offtat 

Irralavant Data (Nota 1 ) 
Irralavant Data (Nota 1) 
Irralavant Data (Note 1 ) 

Oparand Data (fligh Order Byte) 
Oparand Data (Low Order Byte) 


Opcode 

Offset 

Irrelevant Data (Nota 1) 

Return Addreti (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 

Irrelevant Data (Nota 1) 

Irrelevant Data (Note 1) 



























































REGISTER-REGISTER | EXTENDED 


Table 9-2. Operation Summary (Continued) 



ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 



ASL- 

LSR 

ASR 

NEC 

CLR 

ROL 

COM 

ROR 

DEC 

TST 

INC 




Op Cod« AddrM* 

Op Code AddfMS 1 
Op Coda Addrtts > 2 
Addratt of Oparand 


Op^Coda Addrata 
Op Coda Addrata 1 
Op C^a Addrata 2 
Addrata of Oparand 
Addrata of Oparand 1 


Op Coda Addrata 
Op Coda Addrata * 1 
Op Coda Addrata *** 2 
Dparar>d Dattfnatlon Addrata 
Oparand Dattination Addrata 


Op Coda Addrau 
Op Coda Addrata * 1 
Op Coda Addrata ^ 2 
Addrau of Oparand 
Addrau of Oparand 
Addrau of Oparand 


Op Coda Addrau 
Op Coda Addrau 1 
Op Coda Addrau * 2 
Addrau of OparaivJ 
Addrau of Oparand 
Addrau of Oparand * 1 


Op Coda Addrau 
Op Coda Addrau -f 1 
Op Coda Addrau 2 
Subroutina Starting Addrau 
Stack Pointar 
Stack Poin^ — 1 
Stack Poinur — 2 
Op Coda Addrau + 2 
Op. Coda Addrau 2 


Op Coda Addrau 
Op Coda Addrau * 1 


Op Coda Addrau 
Op Coda Addrau -*■ 1 
Praviout Ragittar Contantt 
Nau Ragittu Comanti 


Op Coda Addrau 
Op Coda Addrau + 1 
Stack Pointar 
Stack Pointar — 1 


Op Coda Addrau 
Op Coda Addrau + 1 
Stack Pointar 
Stack Pointar * 1 


Op Coda Addrau 
Op Coda Addrau 1 
Stack Pointar 
Natv Indax Ragittar 


Op Coda Addrau 
Op Coda Addrau * 1 
Irxtax Ragittar 
Naw Stack Pointar 







DATA BUS 


Op Coda 

Jump Addrau (High Ordar Bytal 
Jump Addrau (Low Ordar Byta) 

Op Coda 

Addrau of Oparand (High Ordar Byta) 
Addrau of Opararxi (Low Ord.ar Byta) 
Oparar>d Data 
Op Coda 

Addrau of Oparand (High Ordar Byta) 
Addrau of Oparar>d (Low Ordar Byta) 
Oparand DaU (High Ordar Byta) 

Oparand Data (Low Ordar Byta) 

Op Coda 

Oattination Addrau (High Ordar Byta) 
Dattination Addrau (Low Ordar Byta) 
Irralavant Data (Nota 1) 

Data from Accumulator 
Op Coda 

Addrau of Oparand (High Ordar Byta) 
Addrau of Oparand (Low Ordar Byta) 
Currant Oparand Data 
Irrata^nt Data (Nota 1) 

Naw Oparand Data (Nota 3) 

Op Coda 

Addrau of Oparand (High Ordar Byta) 
Addrau of Oparand (Low Ordar Byta) 
Irralavant Dau (Nota 1 ) 

Oparand Data (High Ordar Byta) 

OpararKf Data (Low Ordar Byta) 

Op Coda 

Addrau of Subroutina (High Ordar Byta) 
Addrau of Subroutina (Low Ordar Byta) 
Op Coda of Naxt Initruction 
Raturn Addrau (Low Ordar Byta) 

Raturn Addrau (High Ordar Byta) 
Irralavant Data (Nota 1) 

Irralavant Data (Nota 1 ) 

Addrau of Subroutina (Low Ordar Byta) 
Op Coda 

Op Coda of Naxt Innruction 


Op Coda 

Op Coda of Naxt Instruction 
Irralavant Data (Nota 1) 
Irralavant Data (Nota 1) 

Op Code 

Op Coda of Naxt Inmuctlop 
Accumulator Data 
Accumulator Data 
Op Coda 

Op Coda of Naxt Instruction 
Irralavant Data (Note 1) 
Oparand Data from Stack 
Op Coda 

Op Coda of Naxt Instruction 
Irralavant Data (Nota 1) 
Irrelevant Data (Nota 1) 

Op Code 

Op Coda of Naxt Instruction 
Irralavant Data 
|ffetev«nt Data 


9-27 
























































RELATIVE REGISTER-REGISTER (CONTINUED) 


Table 9-2. Operation Summary (Continued) 


ADDRESS MODE 


CYCLE 

VMA 


R/W 

DATA BUS 

AND 

CYCLES 

NO. 

LINE 

ADDRESS BUS 

line 

INSTRUCTIONS . 







RTS 


BnH 


Op Code Address 

■■njB 

Op Code 




^B^B 

Op Code Address * 1 

^B^B 

Irrelevant Data (Note 2) 




^B^B 

Stack Pointer 

^B^B 

Irrelevant Data (Note 1) 



mm 

H 

Stack Poirrter *f 1 

■■ 

Address of Next Instruction (High 

Order Byte) 



D 

D 

Stack Pointer + 2 

Bi 

Address of Next Instruction (Low 

Order Byte) 

WAI 


BHB 


Op Code Address 


Op Code 





Op Code Address ■*■ 1 


Op Code of Next Instruction 





Stack Pointer 


Return Address (Low Order Byte) 





Stack Pointer — 1 

■■ 

Return Address (High Order Byte) 





Stack Pointer — 2 

0 

Index Register (Low Order 'Byte) 





Stack Pointer — 3 

■■ 

Index Register (High Order Byte) 





Stack Pointer — 4 


Contents of Accumulator A 



8 


Stack Pointer — 5 


Contents of Accumulator B 





Stack Pointer — 6 (Note 4) 


Contents of Cond. Code Register 

RTI 




Op Code Address 

1 

Op Code 




^B^B 

Op Code Address 4 1 

1 

Irrelevant Data (Note 2) 




^B^B 

Stack Pointer 

1 

Irrelevant Data (Note 1) 



H 

HH 

Stack Pointer * 1 

1 

Contents of Cond. Code Register from 

Stack 





Stack Pointer 2 

1 

Contents of Accumulator B from Stack 


10 


^B^B 

Stack Pointer 4- 3 

1 

Contents of Accumulator A from Stack 


H 

HH 

Stack Pointer + 4 

1 

Index Register from Stack (High Order 

Byte) 




8 


Stack Pointer 4- 5 

1 

Index Register from Stack (Low Order 

Byte) 



■s 


Stack Pointer 4- 6 

1 

Next litstruction Address from Stack 
(High Order Byte) 



10 

^B 

Stack Pointer 4> 7 

1 

Next Instruction Address from Stack 
(Low Order Byte) 

SWI 



1 

Op Code Address 


Op Code 



^B^B 

1 

Op Code Address 4^. 1 


Irrelevant Data (Note 1) 



^B^B 

1 

Stack Pointer 


Return Address (Low Order Byte) 



^B^B 

1 

Stack Pointer — 1 

Bfl 

Return Address (High Order Byte) 




1 

Stack Pointer — 2 

■■ 

Index Register (Low Order Byte) 




1 

Stack Pointer — 3 

0 

Index Register (High Order Byte) 


12 

^B^B 

1 

Stack Pointer — 4 

0 

Contents of Accumulator A 



8 

1 

Stack Pointer — 5 

0 

Contents of Accumulator 6 



9 

1 

Stack Pointer — 6 

0 

Contents of Cond. Code Register 



10 

0 

Stack Pointer — 7 

1 

Irrelevant Data (Note 1) 



11 

1 

Vector Address FFFA (Hex) 


Address of Subroutine (High Order 

Byte) 



12 

1 

Vector Address FFFB (Hex) 

B 

Address of Subroutine (Low Order 

Byte) 

BCC BHI BNE 




Op Code Address 

■B^B 

Op Code 

BCS BLE BPL 

BEQ BLS BRA 


^B 


Op Code Address 4 - 1 


Branch Offset 

Irrelevant Data (Note 1 ) 

BGE BLT 6VC 




Op Code Address 4 2 


BGT BMI BVS 




Branch Address 


Irrelevant Data (Note 1) 

BSR 



BHjB 

Op Code Address 

miBii 

Op Code 





Op Code Address 4- 1 


Branch Offset 





Return Address of Main Program 


Irrelevant Data (Note 1) 


8 



Stack Pointer 


Return Address (Low Order Byte) 




Stack Pointer — 1 

“ 

Return Address (High Order Byte) 





Stack Pointer — 2 


Irrelevant Data (Note 1 ) 



^B^B 

■■ 

Return Address of Main Program 


Irrelevant Data (Note 1) 




0 

Subroutine Address 

BDI 

Irrelevant Data (Note 1) 


Not« 1 . If device which is addressed during this cycle uses VMA, then the Data Bus will go to tho high impedance three-state cor>dition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 


Note 2. Data is ignored by the MPU. 

Note 3. For TST. VMA « 0 and Operand data does not change. 

Note 4. While the MPU is waitirtg for the interrupt, Bus Available will go high indicating the following states of the control lirtes: VMA it 
low; Address Bus, R/W, and Data Bus are all in the high impedance state. 
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The following codes are used in Table 9-3: 

aa two bits choosing the address mode: 

00 immediate data 

01 base page direct addressing 

10 indexed addressing 

1 1 extended direct addressing 
pp the second byte of a two- or three-byte instruction, 
qq the third byte of a three-byte instruction. 

X one bit choosing the Accumulator: 

0 Accumulator A 

1 Accumulator B 

yy two bits choosing the address mode: 

00 (inherent addressing) Accumulator A 

01 (inherent addressing) Accumulator B 

10 indexed addressing 

1 1 extended direct addressing 
y one bit choosing the address mode: 

0 indexed addressing 

1 extended direct addressing 

Two numbers in the "Machine Cycles" column (for example. 2-5) indicate that execution time depends on the ad- 
dressing mode. 
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Table 9-3. MC6800 Instruction Set Object Codes 


MNEMONIC OPERAND(S) 


ACX, 

ADR8 or DATA 
ADR16 
ACX, 

ADR8 or DATA 
ADR16 
ACX, 

ADR8 or DATA 
ADR16 
ACX 
ADR8 
ADR 16 
ACX 
ADR8 
ADR16 
DISP 
DISP 
DISP 
DISP 
DISP 
DISP 
ACX, 

ADR8 or DATA 
ADR16 
DISP 
DISP 
DISP 
DISP 
DISP 
DISP 
DISP 
DISP 
DISP 
DISP 


MACHINE 

CYCLES 


ACX, 

ADR8 or DATA 
ADR 16 
ACX 
ADR8 
ADR 16 

ADR8 

ADR 16 or DATA 16 


ACX, 

ADR8 or DATA 
ADR 16 
ACX 
ADR8 
ADR 16 


IB 

IxaalOOl 

PP 

qq 

IxaalOl 1 
PP 

qq 

IxaaOlOO 

PP 

qq 

OlyyIOOO 

PP 

qq 

OlyvOin 

PP 

qq 

24 PP 

25 PP 

27 PP 
2C PP 
2E PP 

22 PP 

IxaaOIOI 

PP 

qq 

2F PP 

23 PP 
2D PP 
2B PP 

26 PP 

2A PP 

20 pp 

8D pp 

28 pp 

29 pp 
11 
OC 
OE 

Olyyini 

PP 

qq 

OA 

IxaaOOOl 

PP 

qq 

OlyyOOII 

PP 

qq 

lOaallOO 

PP 

qq 

19 

OlyyIOlO 

PP 

qq 

34 

09 

IxaalOOO 

PP 

qq 

OlyyIlOO 

PP 

qq 

31 

08 





MNEMONIC 

OPERAND(S) 

OBJECT 

CODE 

JMP 


OllylllO 


ADR8 

PP 


ADR 16 

qq 

JSR 


lOlyllOl 


ADR8 

PP 


ADR 16 

qq 

LDA 

ACX, 

IxaaOIIO 


ADR8 or DATA 

PP 


ADR 16 

qq 

LDS 


lOaalllO 


ADR8 

PP 


ADR 16 or DATA 16 

qq 

LDX 


llaalllO 


ADR8 

PP 


ADR 16 or DATA 16 

qq 

LSR 

ACX 

OlyyOlOO 


ADR8 

PP 


ADR 16 

qq 

NEC 

ACX 

OlyyOOOO 


ADR8 

PP 


ADR16 

qq 

NOP 


01 

ORA 

ACX, 

IxaalOlO 


ADR8 or DATA 

PP 


ADR 16 

qq 

PSH 

ACX 

OOllOllx 

PUL 

ACX 

OOllOOIx 

ROL 

ACX 

OlyyIOOl 


ADR8 

PP 


ADR 16 

qq 

ROR 

ACX 

OlyyOIIO 


ADR8 

PP 


ADR 16 

qq 

RTI 


3B 

RTS 


39 

SBA 


10 

SBC 

ACX, 

IxaaOOlO 


ADR8 or DATA 

PP 


ADR 16 

qq 

SEC 


OD 

SEI 


OF 

SEV 


OB 

STA 

ACX, 

IxaaOm 


ADR8 

PP 


ADR 16 

qq 

STS 


lOaallll 


ADR8 

PP 


ADR 16 

qq 

STX 


llaalin 


ADR8 

PP 


ADR 16 

qq 

SUB 

ACX, 

IxaaOOOO 


ADR8 or DATA 

PP 


ADR 16 

qq 

SWI 


3F 

TAB 


16 

TAP 


06 

TBA 


17 

TPA 


07 

TST 

ACX 

OlyyIlOl 


ADR8 

PP 


ADR16 

qq 

TSX 


30 

TXS 


35 

WAI 


3E 


MACHINE 

CYCLES 
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SUPPORT DEVICES THAT MAY BE USED WITH THE MC6800 


Using 8080A support devices with the MC6800 is very straightforward in ter ms o f control signals generated. 
You must break out the single MC6800 R/W control signal into separate RD and WR control signals. Other signal 
interconnections are self-evident. Here is appropriate logic: 


MC6800 

Signals 



IRQ 



INT 


Decode FFF9 on 
Address Bus 

VMA 

Signals illustrated above apply to communications between the MC6800 CPU and 8080A support devices. External 
® memory will communicate with the MC6800 CPU using standard MC6800 timing. 

There are some limitations imposed on communications between the MC6800 CPU and 8080A support devices. 

As illustrated above, you must create an interrupt acknowledge control signal by decoding the second interrupt 
acknowledge address, FFF9 iq, appearing on the Address Bus. Similarly, if you wish to create specific I/O read and 
write control signals, then you must decode off the Address Bus those memory addresses which you have assigned to 
I/O devices. 

If you wish to extend instruction execution cycles for slow 8080A support devices, then you must use the MC6800 
clock stretching logic for this purpose. Clearly the 8080A support devices cannot use Wait s|ate logic since the 
MC6800 has no such logic. 

You can generate an 8080A compatible system clock from the 4>2 (TTL) 687 O series clocK as follows: 
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Figure 9-1 1. Use of 8080A Support Devices With MC6800 CPU 

Figure 9-11 illustrates the interface for an 8251, an 8253 or an 8255 device connected to an MC6800 CPU. 
Figure 9-12 provides the timing for 8080A support devices used with an MC6800 CPU. 

The 8257 DMA device and the 8259 PICU should not be used in an MC6800 since MC6800 DMA and interrupt logic 
are not compatible with these devices. 

8085 support devices could be used with an MC6800 but would require that you multiplex the Data Bus and low 
order eight Address Bus lines, as required by the 8155. 8355. and 8755. Extra logic needed to perform this bus 
multiplexing would probably destroy the cost effectiveness of the 8085 support devices in an MC6800 system. 

The only Z80 support device that is practical in an MC6800 system is the Z80 DMA devjce. This is because the 
other Z80 support devices decode a Write state from a combination of the Ml, INT, and RD control signals. The Z80 
DMA device uses separate read and write control inputs; therefore it mqy be used with an MC6800 CPU. The logic 
needed to create Z80 DMA control inputs from MC6800 control signals is identical to the 8080A control signal logic il- 
lustrated above. The Z80 SIO device will probabl, not be effective in an MC6800 system; in preference, use specific 
MC6800 serial I/O devices. 
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When using non-MC6800 support devices with the MC6800 CPU, remember that there is a particulariy per- 
nicious problem associated with MC6800 Reset logic on power-up. As discussed earlier in this chapter, the 
MC6800 does not internally disable interrupt requests until the trailing low-to-high transition of the RESET signal. Thus 
external devices capable of requesting an interrupt may randomly do so during the power on Reset sequence; and this 
may result in an interrupt being acknowledged following the initial system Reset, rather than the expected system in- 
itialization program getting executed. You must make certain that all support devices capable of requesting an inter-, 
rupt are disabled by the leading high-to-low transition of RESET during the power-up sequence. 

THE MC6802 CPU WITH READ/WRITE MEMORY 


The MC6802 is a combination of the MC6800 CPU. clock logic, and 128 bytes of read/write memory. Figure 
9-13 iiiustrates iogic of the MC6802 CPU device. 

The actual CPU architecture and the instruction set of the MC6802 are identical to the MC6800 which we have already 
described. 

The 128 bytes of read/write memory which are present on the MC6802 chip are accessed by memory addresses 
OOOO-|0 through OO7Fi0. The first 32 bytes of this read/write memory may be protected during power down by a 
special low power standby input. 

MC6802 CPU pins and signals are illustrated in Figure 9-14. Pins and signals which differ from the MC6800 il- 
lustrated in Figure 9-2 are shaded. We will examine these new signals only. 

Since clock logic is on the MC6802 chip, three pins are needed for this specific purpose. Normally a crystal will be 
connected across XTAL1 and XTAL2. A 4 MHz crystal should be used since the MC6802 has internal divide-by-four 
logic to create a 1 MHz system clock signal. (An inexpensive 3.58 MHz color burst crystal may also be used.) A TTL 

level system clock signal is output via $2 (TTL). 

You can, if you wish, drive the MC6802 using an external clock signal; this signal is input via XTAL2; it must not be 
faster than 4 MHz. XTAL1 should be left unconnected in this mode. 
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Arithmetic and 
Logic Unit 


Instruction Register 


Data Counterts) 


Control Unit 


Stack Pointer 


Bus Interface 
Logic 


Program Counter 


Logic to Handle 
Interrupt Requests 
from 

External Devices 


Direct Memory 
Access Control 
Logic 


Interrupt Priority 
Arbitration 


System Bus 


RAM Addressing 

and 

Interface Logic 


ROM Addressing 
and 

Interface Logic 


I/O Ports 
Interface Logic 


Read/Write 

Memory 


Read, Only 
Memory 


Programmable 

Timers 


Figure 9-13. Logic of the MC6802 CPU Device 


In order to provide the clock stretching logic that is a standard part of MC6800 microcomputer system, a Memory 
Ready (MR) signal is present. MR is normally high. In order to stretch 02, MR must make a high-to-low transition 
while 02 is high: 02 then remains high until. MR makes a low-to-high transition. Timing may be illustrated as follows: 


II II 

I I II 
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PIN NAME 

DESCRIPTION 

TYPE 

*A0 - At 5 

Address Lines 

Output 

•DO - D7 

Data Bus Lines 

Tristate, Bidirectional 

•HALT 

Halt 

Input 

•MR 

Memory Ready 

Input 

•RE 

RAM Enable 

Input 

•R/W 

Read/Write 

Output 

•VMA 

Valid Memory Address 

Output 

•BA 

Bus Available 

Output 

•IRQ 

Interrupt Request 

Input 

RESET 

Reset 

- Input 

NMI 

Non-Maskable Interrupt 

Input 

XTAL1,XTAL2 

Crystal/Clock Connections 

Input 

E 

Enable 

Output 

Vss-Vcc 

Power 


Vcc (ST) 

Standby Power 



♦These signals connect to the System Bus. 


Figure 9-14. MC6802 CPU Signals and Pin Assignments 


Two signals have been added to support the on-chip read/write memroy. RE is an enable signal for the on-chip 
memory. RE must be input high for the on-chip memory to be accessed. If RE is low, on-chip memory cannot be written 
into or read. While on-chip memory is disabled its address space is also disabled, and addresses in the range OOOO 10 
through OO7Fi0 are deflected to external memory. Thus the address space OOOOig through OOTFig is duplicated: 
it accesses on-chip RAM when RE is high, but it accesses external RAM when RE is low. 

The first 32 on-chip read/write memory bytes (with addresses 0000 through 001 F) can have the contents preserved by 
applying -F5V at the standby pin when power is down on the MC6802. But to be of any value, we must guarantee 
that the contents of. these 32 read/write memory locations are not destroyed during any power down sequence; in 
other words, we must anticipate any power down. In order to preserve the contents of the 32 low-order read/write 
memory bytes. RE must be input low at least three clock periods before power drops below -f4.75V. This is easy 
enough to do for a scheduled power down: however, it is impossible during a non-scheduled power down — such as 
might occur as the result of a power failure — unless power-down-interrupt circuitry is provided. 

MC6800 signals which have been removed, going to the MC6802. include the clock inputs 4>1 and (I>2, plus the 
bus control signals TSC and DBE. 

Obviously, the clock inputs must be removed since clock logic is now on the CPU chip. 


9-35 




Removal of the System Bus control signals TSC and DBE reflects the fact that if you are going to need direct memory 
access, you are not going to use the MC6802. Only larger microcomputer systems need direct memory access; for such 
systems the MC6800 is available. The MC6802 is intended as half of a two-chip 6800 configuration, within which 
direct memory access would be meaningless. 

If DMA is necessary with a 6802-based system, then the use of external tristate bus drivers will be necessary. Bus 
Available (BA) and HALT are available on the 6802 for this purpose. 

The MC6846 multi-function device is the other half of the two-chip microcomputer system. However, the 
MC6846 can be used with the MC6800 CPU or the MC6802 CPU: therefore it is described later in this chapter 
along with other 6800 support devices. 

When HALT is input low, the MC6802 enters the Halt state at the end of the current instruction's execution. In the 
Halt state the Data Bus is floated. Bus Available (BA) is output high, and valid memory address (VMA) is output low. 
The Address Bus outputs the address of the instruction which will be executed when the halt condition ends. Timing 


may be illustrated as follows: 




. 



more than ' • 

1 ^ 250 ns 'ft*! ^ 

02 



r 

1 1 i 





1 ^ j Halt state [ 

HALT 

BA 



— 

^ 1 

1 1 1 

1 1 1 

l~ ^ 


1 

1 



1 1 

1 I 

VMA 

) 



1. 1 





1 1 

' 1 

DO - D7 ' 

] 


1 

' 

) i 

. 

i 

1 J 1 ■ ■ 


1 



1 1 

SIS;?;* ;■???■;; ^ 

A0-A15 

i 



L 

i K 

I I 1 

1 Instruction i Halt state l 

execution I starts here 
ends here ' 

The HALT input signal is level serisitive. The level of HALT is sensed 250 nanoseconds before the end of a machine cy- 

cle. If HALT is low at this time, then the low level is detected. If HALT makes a high-to-low transition within the last 250 


nanoseconds of a machine cycle, then it may not be detected. This may be illustrated as follows: 
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Once a Halt has been detected, the current instruction completes execution before the Halt condition starts. In the 
simplest case this may be illustrated as follows: 


1 1 

I II 1 

<.2 J ^ 

rr^. 1 \ 


1 

1 

1 1 1 
, 1 1 1 


HALT 1 

1 

^ u ^ ^ 


1 

1 

1 



1 

1 

1 




If a Halt transition occurs within the last 250 nanoseconds of a machine cycle, then the HALT will probably not be 
detected until the next machine cycle. Assuming that the next machine cycle terminates an instruction's exeuction, 
the Halt condition will begin as follows: 


1 II II 1 1 

1 1 1 ! 1 1 1 

$2 j 

1 m 1 \ r 

1 

lliiiiriiillli 


1 1 r II 1 

' !_ 1 II 1 

HALT 

1 1 \ 1 1 1 1 

1 1 \ I II 1 

1 

1 


1 250 ns-^ A^m- -►ji 1^ 250 ns | 

1 HALT low HALT low ^ End of ’ HALT begins 

1 

1 

1 


not detected detected instruction ’ 

here here , 


The next machine cycle could be the first of a multi-machine cycle instruction. Now the Halt condition will begin as 
follows: 



Note that if the HALT transition had occurred a little earlier, the HALT condition would have begun a whole instruction 
exeuction time sooner — three machine cycles sooner in the illustration above. 
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The HALT condition terminates on the machine cycle that follows HALT going high again. Once again the HALT signal 
is sampled 250 nanoseconds before the end of the machine cycle. Thus the HALT may terminate within the machine 
cycle where the HALT signal makes a low-to-high transition: 


$2 


HALT 


250 ns 


j End HALT j Start next instruction’s * 

' , I ; , J execution 

But the HALT condition may terminate one machine cycle later if the HALT signal makes its low-to-high transition 
within the last 250 nanoseconds of a machine cycle. This may be illustrated as follows: 


$2 


HALT 


J 


h-H 

u Ai x J 


250 ns 


End HALT Start next Instruction's 


execution 


Observe that it is possible for a low HALT pulse to be completely missed if it is less than one machine cycle long 
and transitions are not properly synchronized. If, for example, the high-to-low transition occurs within the last 250 
nanoseconds of a machine cycle and the subsequent low-to-high transition occurs correctly in the next machine cycle, 
the HALT pulse will be completely missed. This may be illustrated as follows: 



not detected | 


During the HALT condition no interrupts will be acknowledged. If any interrupt requests oc- 
cur during a HALT condition, they simply stack up waiting for the end of the HALT condition. 

There are also some differences in MC6802 interrupt and reset logic as compared to the 
MC6800. 


INTERRUPTS 
DURING AN 
MC6802 HALT 


Motorola literature recommends that interrupt request inputs IRQ and MNI have a 3K ohm external resistor to Vqq. 
This may be illustrated as follows: 
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The MC6802 RESET input may be a stand-alone input or it may be tied to the RAM enable input (RE). Timing for the 
RESE T signa l rise and fall differs in the two cases, as defined in the cjffta sheets at the end of this chapter. Note that by 
tying RESET to RE you cause the on-chip RAM to be enabled whenever the MC6802 is receiving power. 

The MC6802, like the MC6800, does not disable interrupts until close to the end of the reset sequence. Thus, if 
you have non-6800 support devices connected to an MC6802, you must make certain that you have included logic that 
prevents these Support devices from requesting an interrupt until after the reset operation has gone to completion. If 
you do not take this precaution, then following RESET you may vector to a support device's interrupt service routine 
rather than executing the intended system initialization program. 


THE MC6870 TWO PHASE CLOCKS 

Four clock logic devices supporting the MC6800 CPU are described. The MC6802 does not need any external 
clock logic device. 

The MC6870A is a very elementary device providing minimum clock signals needed with an MC6800 
microcomputer system. Its pin assignments are illustrated in Figure 9-15. 



Pin Name 

Description 

Type 

(t)1 (NMOS) 

<t>1 Clock to MC6800 

Output 

(P2 (NMOS) 

‘P2 Clock to MC6800 

Output 

<t>2 (TTL) 

<t>2 Clock to microcomputer 

system 

Output 

Vcc. GND 

Power and Ground 



Figure 9-15. MC6870A Clock Device Pins and Signals 


9-39 




The first enhancement is provided by the MC6871 A, illustrated in Figure 9-16, \A/hich adds clock signal stretch- 
ing capabilities and a twice frequency clock output. 






MEMORY CLOCK — 

3 


- MEMORY READY 

<t>2 (TTL) 

5 

20 

-HOLD1 



MC6871A 


Vcc( + 5V)— 

7 

18 

- GND 

4)2 (NMOS) 

12 

13 • 

► 4)1 (NMOS) 

Pin Name 


Description 

Type 

4>1 (NMOS) 


4)1 Clock to MC6800 

Output 

4)2 (NMOS) 


4)2 Clock to MC6800 

Output 

4)2 (TTL) 


4)2 Clock to microcomputer 

Output 



system 


MEMORY CLOCK 


Select to memory devices 

Output 

2xfc 


Twice frequency clock 

Output 

holdT 


Stretch 4*1 high control 

Input 

MEMORY READY 


Stretch 4)1 low control 

Input 

Vcc.GND 


Power and Ground 



^ Figure 9-16. MC6871A Clock Device Pins and Signals 

The MC6871B, illustr^#^Figure 9-17, is a variation of the IVIC6871A. 


GND ^ 

1 

24 

►2xfc 

<P2 (TTL) UNGAIED"-^ 

3 


■— HOLD2 

4)2 (TTL)-^ 

5 

20 

■^1 HOLm 



MC6871B 


Vcc ( + 5V) 

7 

18 

GND 


tP2 (NMOS)-^ 12 13 ►‘1>1 (NMOS) 


Pin Name 

Description 

Type 

4)1 (NMOS) 

4)1 Clock to MC6800 

Output 

4)2 (NMOS) 

4)2 Clock to MC6800 

Output 

4)2 (TTL) 

4)2 Clock to microcomputer 
system 

Output 

4)2 (TTL) UNGATED 

Free-running 4)2 (TTL) 

Output 

2xfc 

Twice frequency clock 

Output 

HOLD1 

Stretch 4)1 high control 

Input 

HOLD2 

Stretch 4)1 low control 

Input 

Vcc. GND 

Power and Ground 



Figure 9-17. MC6871B Clock Device Pins and Signals 
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Pin Name 

Description 

Type 

<1)1 (NMOS) 

(tl Clock to MC6800 

Output 

<t>2 (NMOS) 

<t>2 Clock to MC6800 

Output 

<1)2 (TTL) 

<1)2 Clock to microcom- 
puter system 

Output 

MEMORY CLOCK 

Free-running <t>2 (TTL) 

Output 

2xfc 

Twice frequency clock 

Output 

4xfc 

Four Times frequency clock 

Output 

DMA/REF REQ 

Stretch <t)1 high control 

Input 

REF GRANT 

Stretch <I>1 high acknowledge 

Output 

MEM READY 

Stretch <t)l low control 

Input 

SYS RES 

Asynchronous system reset control 

Input 

RESET 

Synchronous reset control 

Output 

EXT IN . 

External synchronization control 

Input 

XI, X2 

External crystal connections 


Vcc, GND 

Power and Ground 



Figure 9-18. MC6875 Clock Device Pins and Signals 


The MC6875 is the most versatile of the clock devices provided for the MC6800. It is illustrated in Figure 9-18. 


Since these various clock logic devices represent essentially the same capabilities, but with increasing enhan- 
cements, we will describe logic and capabilities in the order of the device illustrations. 

Much of the clock device logic we are going to describe stretches the <I>1 (IMMOS) and 4>2 (NMOS) clock sig- 
nals. But recall that stretching 01 (NMOS) and $2 (NMOS), in itself, is only half of the logic needed to stretch 
the entire System Bus. Additionally, the MC6800 needs a high TSC input to float the Address and R/W Bus lines 
while $1 (NMOS) is high. DBE must be input low in order to float the Data Bus lines while the clock is being 
stretched with 01 (NMOS) low. 


THE MC6870A CLOCK DEVICE 

This is a minimum clock device; it outputs 01 (NMOS) and 02 (NMOS). the two clock signals required by an 
MC6800CPU. 


02 (TTL) is also generated. 02 (TTL) is used to synchronize support devices; it has sufficient load capacity to 
drive five devices without signal buffering. 

The MC6870A contains an internal crystal and oscillator: in its standard form clock signals with a 1 MHz frequency are 
generated. A variety of other clock frequencies can also be ordered. 


THE MC6871A CLOCK DEVICE 

In addition to the standard signals output by the MC6870A, the MC6871 A provides two additional TTL output clock 
signals and externally controlled pulse stretching capabilities. 
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H0LD1 is used to stretch the standard clock signals: d>1 (NMOS), <I>2 (NMOS) and 02 (TTL), which we de- 
scribed for the MC6870A, Timing may be illustrated as follows: 



It is very important that H0LD1 makes its active hig h-to-low transition during a 01 (NMOS) high state. Subsequently, 
01 (NMOS), 02 TTL clocks will be stretched until H0LD1 makes a Ipw-to-high transition within the contraints de- 
scribed below. 

As illustrated above, H0LD1 stretches clocks with 01 (NMOS) high. If you refer back to our dis- 
cussion of the MC6800, you will see that these cjock levels identify the portion of a machine cycle 
when an address is being output. Typically, the clock will be stretched so that two addresses can 
be output: the first for a Direct Memory Access or dynamic memory refresh operation: the second 
for the normal address output which is required when any instruction is executed. Device select 
logic must discriminate between the two addresses being output; DMA or dynamic memory refresh logic must receive 
the first address only, while memory or I/O devices receive the second address only. 


MQ6800 

STRETCHING 

ADDRESS 

TIMING 


Two additional clock signals are output by the MC6871A: 2xfc and MEMORY CLOCK ; they are not part of normal 
memory addressing logic, therefore these two clock signals are not stretched by H0LD1. 

2xfc is a twice frequency clock signal which can be used for various synchronization logic around an MC6800 
microcomputer system. 

MEMORY CLOCK is identical in waveform to 4>2 TTL except MEMORY CLOCK is not stretched by H0LD1. 

H0LD1 must make its high-to-low transition while <I>1 (NMOS) is high. H0LD1 must subsequentl y make its low-to-high 
transition while <I>1 (NMOS) would have been high, had it not been stretche d. An as ynchronous H0|-D1 request must 
therefore be synchronized with 4>1 (NMOS) in order to' generate a valid H0LD1 clock input. This is a simple logic 
operation; here is one pqssibility: 


+ 5V 
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This circuit synchronizes the high-to-low and the low-to-high transition of HOLD1 . The low-to-high clock transition oc- 
curs only during 01 (NMOS) high time: 



MEMORY CLOCK 



<= n A TL 

Observe that synchronization logic can create a time delay of up to one half clock cycle between the unsynchronized 
and the synchronized HOLD sigrials changing state. 

MEMORY READY also stretches clock Signals. Timing rhay be illustrated as follows. 



Clock signal stretching begins with 02 (NMOS) high following the MEMORY READY high-to-low transition. Clock 
stretching ends with the falling edge of 2xfc follow ing the MEMORY READY low-to-high transitibn. Observe that 
MEMO RY READY stretches MEMORY CLOCKS which H0LD.1 does not do. 2xfc, however, is not stretched, either by 
H0LD1 or by MEMORY READY Also note that MEMORY READY does not require input synchronization, as does 
H0LD1. 


If you refer back to the timing diagrams which illustrate MC6800 instructions' execution, you will see that MEMORY 
READY stretches clock signals during the data access portion of a machine cycle. This is the part of the machine cycle 
during which external memory has to respond to a CPU access: therefore, this is the portion of the machine cycle 
which must be stretched for slow memories — which is why MEMORY READY can be visualized as the signal which 
slow memories must input low in order to gdin the access time thfey require. 

The MC6871 A contains an internal crystal oscillator. In its standard form, clock signals with a 1 MHz frequency 
are generated. A variety of other clock frequencies can also be ordered. 

THE MC6871B CLOCK DEVICE 

This device differ^ from the MC6§7lA in t wo way s. MEMORY READY is replaced by H0LD2 and MEMORY 
CLOCK is replaced by <I >2 (TTL ) UIMGAT ED. H0LD2 stretches clock signals with (NMOS) low, just as MEMORY 
READY did; however, like H0LD1 , H0LD2 must have its active transitions synchronized with the clock output — in this 
case with <P2 high, 02 (TTL) UNGATED, however, is not stretched. Timing may be illustrated as follows: 




TTL UNGATED 



H0LD2 




/ 
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THE MC6875 CLOCK DEVICE 

This is the most sophisticated of the clock devices offered with the MC6800 microcomputer system. Its prin- 
cipal features are that it performs control input synchronization which must be handled externally by other 
clock devices; also, the MC6875 allows external timing. 

As we have already stated, clock signals are stretched with <I>1 and 02 low in or der to allow a Direct Memory Access or 
dynamic memory r efresh a ddress to be outpu t. The IVIC6875 DMA/REF REQ input performs this clock stretching 
operation, just as H0LD1 does, except that DMA/REF REQ can be an asynchronous input. MC6875 internal logic 
performs the synchronization operations which have to be handled externally for the MC6871 A and MC6871 B clocks. 
In addition, the MC6875 outputs REF GRANT high while the clocks are being stretched with 01 (NMOS) high. External 
DMA or dynamic memory refresh logic can use REF GRANT as an enable strobe. 

MEMORY READY and MEMORY CLOCK are as described for the MC6871A. MEMORY READY stretc hes clocks 
with Ol (NMOS) low. MEMORY CLOCK follows d>2 (NMOS) and is stretched by MEMORY READY but not by DMA/REF 
REQ. 

The MC6875 clock signal outputs 4>1 (NMOS) and OZ (NMOS) have sufficient capacity to drive two MC6800 
CPUs. 4xfc is an additional oscillator running at four times the 4>1 and d>2 clock rates. 

X1, X2 and EXT IN are three signals which allow MC6875 clock rates to be controlled externally. 

You can optionally attach a crystal oscillator or an RC network to XI, X2 as follows; 

. CRYSTAL OPERATION RC OPERATION 


Crystal 




You can also input an external clock signal to EXT IN, in which case the MC6875 will adopt the frequency of the 
external signal. The external clock frequency must be four times the <51 and <52 clock frequency. 


The MC6875 is able to take an asynchronous SYSTEM RESET input and convert it into a synchronous RESET, 

which may be used throughout an MC6800 microcomputer system. SYSTEM RESET can be any input signal which is 
processed through a Schmitt trigger to create a RESET output, as described for the 8224 clock device in Chapter 4. 

SOME STANDARD CLOCK SIGNAL INTERFACE LOGIC 


There are a number of very common ways in which MC6870 series clock signals are used within MC6800 
microcomputer systems. 

You will find that all of the support devices described in the rest of this chapter require an 
enable synchronizing signal, given the symbol "E". This signal is usually generated as the 
AND of the MC6800 VMA output and the 02 TTL clock output: 

<t>2TTL [~~ N r 

VMA 1 J 


MC6800 

ENABLE 

SIGNAL 

GENERATION 


The purpose of ANDing <52 with VMA is to make sure that devices receiving signal E are inhibited while VMA is low 

at which time the CPU cannot be accessing the support device. 


9-44 




© ADAM OSBORNE & ASSOCIATES, INCORPORATED 


The HALT signal, which is used in MC6800 microcomputer systems to float the Sy stem B us for 
extended periods, must b e a synchronous input. You can create a synchronous HALT from 
an asynchronous HALT using TTL as follows: 


+ 5V 


Asynchronous HALT 
^2 TTL 


+ 5V 

THE MC6820 AND MCS6520 PERIPHERAL INTERFACE ADAPTER 

(PIA) 

This part is manufactured as the MC6820 by the companies listed at the beginning of this chapter. MOS Tech- 
nology and its second source companies (whose products are described in Chapter 10) manufacture the same 
part, but call it the MCS6520. 

The MC6820 PIA is a general purpose I/O device, designed for use within MC6800 microcomputer systems. 

The MC6820 PIA provides 16 I/O pins, configured as two 8-bit I/O ports. We will refer to these as Port A and 
Port B. Individual pins of each I/O port may be used separately as inputs or outputs. Each I/O port has two asso- 
ciated control signals, one of which is input only, while the other is bidirectional. The only differences between 
I/O Ports A and B are in their electrical characteristics, and in their handshaking control capabilities. But these are 
very significant differences, as we will explain shortly. 

Figure 9-19 illustrates that part of our general microcomputer system logic which has been implemented on the 
MC6820 PIA. 

The MC6820 PIA is packaged as a 40-pin DIP. It uses a single -t-5V power supply. All inputs and outputs are TTL 
compatible. 

The device is implemented using N-channel silicon gate MOS technology. 

THE MC6820 PIA PINS AND SIGNALS 

The MC6820 pins and signals are illustrated in Figure 9-20. We will summarize signal functions before describ- 
ing PIA operations. 

Consider first the various Data Busses. 

DO - D7 represents the bidirectional Data Bus via which all communications between the CPU and the MC6820 
occur. 

PAO - PA7 and PBO - PB7 represent Data Busses connecting the two 8-bit I/O Ports A and B with external logic. 

The 1 6 I/O port pins may be looked upon as 1 6 individual signal lines, or two 8-bit I/O busses. Each I/O port pin can be 
individually assigned to input or output, but an individual pin cannot support bidirectional data transfers. 

These are the differences between I/O Port A and B pins: 

1) , Bits of I/O Port A may be set or reset at any time by voltage levels applied to associated pins. Irrespective of data 

that may be in a bit position following a Read or Write operation, an I/O Port A bit will be reset to zero any time a 
voltage of -I-0.8V or less is applied to a Port A pin. A T will be written into a Port A bit any time a voltage of 4-2\/ or 
more is applied to the Port A pin. I/O Port B bit contents are not affected by voltage levels at I/O Port B pins. For ex- 
ample, suppose that a 1 has been output to bit 2 of I/O Ports A and B. Subsequently suppose that pin 2 of I/O Ports 
A and B are drained excessively, so that voltage levels transiently drop to -F 0.5V. I/O Port A bit 2 will become 0, but 
I/O Port B bit 2 will retain a level of 1. 

2) As outputs, I/O Port B pins may be used as a source of up to 1 mA at -FI .5V, to directly drive the base of a transistor 
switch. This is not feasible using I/O Port A pins. 



MC6800 

SYNCHRONOUS 

HALT 

GENERATION 
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Figure 9-19. Logic of the MC6820 PIA . 

There are five device select pins. 

CSO, CS1 and CS2 are t hree typical chip select signals. For an MC6820 device to be selected. CSO and CS1 must 
receive high inputs while CS2 simultaneously receives a low input. 

Providing CSO, CS1 and CS2 have selected an MC6820 device, RSO and RSI address one of four memory locations. 
Thus an l\/IC6820 device will appear to a programmer as four memory locations. 

Any of the standard schemes described in Volume I can be used to address an MC6820 PIA. There is nothing unusual 
about the select logic with which you will assign four unique memory addresses to an MC6820. 

There are four timing and control signals which interface an MC6820 with external logic. 

CA1 and CA2 are control signals associated with I/O Port A. CA1 is an input only signal and is usually used by ex- 
ternal logic to request an interrupt. CA2 is a bidirectional control signal which is used to implement various types of 
handshaking logic. 

CB1 and CB2 are the control signals which support I/O Port B. These two signals are analogous to CA1 and CA2, 
although there are some differences in the handshaking logic associated with CB2 as compared to CA2. 
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Pin Name 

Description 

Type 

00 - D7 

Data Bus to CPU 

Tristate, bidirectional 

PAO - PA7 

Port A p>eripheral Data Bus 

Input or Output 

PBO - PB7 

Port B peripheral Data Bus 

Tristate, Input or Output 

CSO, CSI,^ 

Chip Select 

Input 

RSO, RSI 

Register Select 

Input 

CA1 

Interrupt input to Port A 

Input 

CA2 

Port A peripheral control 

Input or Output 

CB1 

Interrupt input to Port B 

Input 

CB2 

Port B peripheral control 

Input or Output 

E 

Device synchronization 

Input 

R/W 

Read /Write control 

Input 

IRQA, iRQB 

Interrupt request 

Output 

RESET 

Reset 

Input 

Vcc. Vss 

Power and Ground 


Figure 9-20. 

MC6820 PIA Signals and Pin 

Assignments 


There are two control signals associated with the IVIC6820 CPU interface. 


E is the standard synchronization signal generated by the various MC6870 series clock devices. The trailing edge 
of E pulses synchronizes all logic and timing within the MC6820. Manufacturer literature refers to E as a device enable 
signal, but it is more accurately viewed as a device synchronization signal. 

R/W is the standard Read/Write control signal output by the MC6800 CPU. When R/W j^high, a Read operation is 
specified; that is, data transfer from the MC6820 PIA to the MC6800 CPU occurs. When R/W is low, a Write operation 
is specified; that is, data transfer from the CPU to the PIA occurs. 

There are two interrupt request signals, IRQA and IRQB. Under program control you can specify the conditions 
under which an interrupt request can originate at l ogic a ssociated with I/O Port A or I/O Po rt B. The actual interrupt re- 
quest is transmitted to the MC6800 CPU via signal IRQA for I/O P ort A logic, and via IRQB for I/O Port B logic. Interrupt 
requests originating at either signal will connect to the MC6800 IRQ input. 

RESET is a standard Reset input. When it is input low, the contents of all MC6820 registers will be set to zero. 
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Figure 9-21. Functional Block Diagram for the MC6820 PIA 


MC6820 OPERATIONS 

As compared to the 8255 PPI, the MC6820 PIA has less formalized operating modes. The MC6820-to-external logic in- 
terface consists of two I/O ports, each of which has two dedicated control lines. You have the option of assigning in- 
dividual I/O port lines to input or output; as a completely separate operation you can use the two control lines to 
perform a limited amount of handshaking and interrupt processing — or you can ignore the control lines, in 
which case the I/O port is supporting simple input and/or output. Bidirectional I/O, equivalent to 8255 Mode 2, 
is not available. Figure 9-21 generally represents MC6820 functional organization and Table 9-4 summarizes 
the available operating modes. 
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Table 9-4. MC6820 Operating Modes 


OPERATING MODE 

MC6800 AVAILABILITY 

Simple input 
without handshaking 

I/O Port A or B 

Simple output 
without handshaking 

I/O Port A or B 

Bidirectional I/O 
without handshaking 

Not available, but individual pins of 
either I/O port may be separately 
assigned to input or output 

Input with 
handshaking 

I/O Port A only 

Output with 
handshaking 

I/O Port B only 

Bidirectional I/O 
with handshaking 

Not Available 


Table 9-5. Addressing MC6820 Internal Registers 



There are six addressable locations within an MC6820 PIA; they are shaded in Figure 9-21. MC6820 

Since there are only two register select lines. RSO and RSI . four unique addressable locations can REGISTERS 

be identified within the MC6820. Table 9-5 summarizes the manner in which the MC6820 uses ADDRESSING 
four addresses to access six locations. Logic defined in Table 9-5 requires that you first output a 
Control code to each I/O port Control register: next you access either the I/O port Data Direction register, or the I/O port 
Data Buffer. You use the same memory address to access an I/O port Data Direction register and I/O port Data Buffer. 
Which location you access is determined by bit 2 of the I/O port's Control register. 
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You must precede any I/O port Data Direction register, dr Data Buffer access with a Control code, written to the I/O 
port's Control register. Once you have written a Control code to an I/O port Control register,' you do not have to write 
another Control code for addressing purposes until you wish to switch from accessing the I/O port Data Direction 
register to the Data Buffer, or from accessing the Data Buffer to the Data Direction register. 

To illustrate MC6820 addressing, suppose the four addresses C000-|6- C001 10„ COO2i0 and COO3-|0 select an 
MC6820. This is how addressable locations within the MC6820 would actually be selected if address line AO were con- 
nected to RSO and A1 to RSI : 

Selected 

I/O Port A Data Direction register, if COO1i0Cpi, bit 2 = 0 
I/O Port A Data buffer, if C001 10, bit 2 = 1 
I/O Port A Control register 

I/O Port B Data Direction register, if COO3i0, bit 2 = 0 

I/O Port B Data buffer, if COO3i0, bit 2 = 1 

I/O Port B Control register 

If you read from an I/O port data buffer, you input from the I/O port to the CPU; if you write to an I/O port data buffer, 
you output from the CPU to the I/O port. 

The Data Direction registers identify each pin of an I/O port as being dedicated to either input or output. These are 
write only registers. You must write a control word into each Data Direction register; a 0 in a bit position configures the 
corresponding I/O port pin as an input, while a 1 results in an output: ■ 


7 6 5 4 3 2 1 0 ^ Bit No. 



I/O Port 
Pins 


Observe that I/O Ports A and B will both be configured as 8-bit input ports when the MC6820 is reset, since RESET 
clears all internal registers. 


Address 

COOO10 

COOI10 

COO2i0 

COO3i0 
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Control register interpretation is quite complex. 

The two high-order bits of each Control register are read only locations, which record the status of 
interrupt requests which may originate from either of two control lines associated with an I/O 
port: 


MC6820 

CONTROL 

CODES 


Ju 


Both interrupt requests are 
output via IRQA 

0 < Bit No. 



Control Register A 


Status of interrupt requests originating at CA2 logic 
Status of interrupt requests originating at CA1 logic 


0 ^ 




Both interrupt requests are 
output via IRQB 

'Bit No. 

Control Register B 


-Status of interrupt requests originating at CB2 logic 
-Status of interrupt requests originating at CB1 logic 


The remaining six control bits may be written into or read: they define the way in which the I/O port will operate. 

Figures 9-22 and 9-23 describe the Control register interpretation for I/O Ports A and B respectively; since the two Con- 
trol register interpretations are very similar, the points of difference are shaded so that they are easy to spot. 

Let us clarify the functions enabled by the two Control registers. 

Each I/O port has its own interrupt request signal: IRQA for I/O Port A and IRQB for I/O Port B. 

Each interrupt request signal has two separate sets of request logic, based on an interrupt request 
originating with a CA1/CB1 signal transition, or a CA2/CB2 signal transition. 

Control register bit 0 enables or disable s IRQA/IRQB , based on signal CA1/CB1 transitions only. Quite independently. 
Control register bit 3 enables or disables IRQA/IRQB based on transitions of signal CA2/CB2. However, Control register 
bit 3 has an alternative interpretation; the one we have just described only applies if Control register bit 5 is 0. 

Interrupt requests are triggered by the "active transitions" of a control signal. The active transitions of control signals 
may be a high-to-low, or a low-to-high transition. For CA1/CB1, the active transition is selected by Control register bit 
1. For CA2/CB2, the active transition is selected by Control register bit 4, but only if Control register bit 5 is 0. 

Irrespective of whether interrupt request signals IRQA and IRQB have been enabled or disabled. Control register bits 6 
and 7 will report the interrupt request as a status, that is to say, if a condition exists where CA1/CB1 makes an interrupt 
requesting active transition, then Control register bit 7 will be set to 1 . Similarly, if control signal CA2/CB2 makes an in- 
terrupt requesting transition, then Control register bit 6 will be set to 1. Qnce set. Control register bits 6 and 7 will re- 
main set until a Read operation addresses the Control register; at that time Control register bits 6 and 7 will both be 
reset to 0, while other bits of the Control register are left unaltered. .. 

If Control register bit 5 is 1, then Control register bits 4 and 3 take on a second interpretation. If Control register bits 5 
and 4 are both 1, then control signal CA2/CB2 will be output at all times with the level of control bit 3. 


MC6820 

INTERRUPT 

LOGIC 
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4 3 2 1 0 



I/O Port A Control register 


0 Disable IRQA 1 

1 Enable IRQA 1 

0 Set bit 7 and IRQAl {if enabled) on high-to-low CA1 transition 

1 Set bit 7 and JRQAl Cif enabled) on low-to-high CA1 transition 

0 When RSO, RSI = 00 select I/O Port A Direction register 

1 When RSO, RSI = 00; select I/O Port A Data buffer 

0 Disable IRQA2i \ 

1 Enable IRQA2 I 

0 Set bit 6 and IRQA2 (if enabled) \ r,-. 

. ■ . . > bit 0 = u 

on high-to-low CA2 transition / 

1 Set bit 6 and IRQA2 (if enabled) I 

on low-to-high CA2 transition J 

00 Select input interrupt handshaking ^ 

01 Select input programmed handshaking / Bit 5 = 1 

IX Set CA2 to X 7 






wT |l 1 



Figure 9-22. I/O Port A Control Register Interpretation 



4 3 2 1 0 



Bit No. 

I/O Port B Control register 


0 Disable IRQB1 

1 Enable IRQB1 

0 Set bit 7 and IRQBKif enabled) on high-to-low CB1 transition 

1 Set bit 7 and IRQBI (if enabled) on low-to-high CB1 transition 

0 When RSO, RSI = 01 select I/O Port B Direction register 

1 When RSO, RSI =;01 select I/O Port B Data buffer 

0 Disable IRQB2 \ 

1 Enable IRQB2 I 

0 Set bit 6 and IRQB2;(if enabled) V gj^ 5 _ q 

on high-to-low CB2 transition / 

1 Set bit 6 and IRQB2 (if enabled) I 

on low-to-high CB2 transition / 

00 Select output interrupt handshaking 

01 Select output programmed handshaking > Bit 5 = 1 — ^ it 

1XSetC82toX ) 


Status of )RQB2 ; 
■ Status of JRQBl: 


Figure 9-23. I/O Port B Control Register Interpretation 
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If Control register bits 5 and 4 are 1 and 0 respectively, then Control register bit 3 
specifies an automatic handshaking signal sequence. Let us describe these signal se- 
quences. 

Input interrupt handshaking applies to I/O Port A only, and may bo illustrated as follows: 


MC6820 

AUTOMATIC 

HANDSHAKING 



Transition 


CA2 is output on the trailing edge of E, after the CPU has read the contents of the I/O Port A data buffer; this tells exter- 
nal logic that previously input data has been read and new data may now be input. External logic receives CA2 low, 
and upon transmitting new data to I/O Port A, must cause an active interrupt requesting transition of input control sig- 
nal CA1. What constitutes an active transition will be determined by I/O Port A Control register bit 1. When external 
logic requests an interrupt via signal CA1, CA2 will be set high again. 

Input programmed handshaking applies only to I/O Port A, and may be illustrated as follows: 



Once again control signal CA2 is output low vyhen I/O Port A data buffer contents are read by the CPU. This tells exter- 
nal logic that previously input data has been read and new data may be input. External logic does not have to identify 
newly transmitted data with an interrupt request; rather, CA2 will be reset as soon as the MC6820 is deselected. Using 
programmed handshaking, external logic may use the CA2 low pulse as a Write strobe, causing new data to be input to 
I/O Port A. 
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Output interrupt handshaking appiies oniy to I/O Port B, and may be iiiustrated as follows: 



In this instance, control signal CB2 is output low on the high-to-low transition of E following a Write to I/O Port A Data 
buffer. In other words, CB2 tells external logic that new data has been output to I/O Port B and is ready to be read. Ex- 
ternal logic tells the MC6820 that I/O Port B contents have been read by making an interrupt requesting active transi- 
tion of the CB1 signal. Once again, I/O Port B Control register bit 1 will determine what constitutes an active transition 
of the CB1 signal. Program logic can use an interrupt to branch to a program which outputs the next byte of data to I/O 
Port B. 

Output programmed handshaking applies only to I/O Port B. and may be illustrated as follows: 



CB2 makes a high-to-low transition when data is written into the I/O Port B data buffer, just as occurred with output in- 
terrupt handshaking. However, CB2 will automatically be set to 1 as soon as the MC6820 is deselected. External logic 
can use the CB2 low pulse as a strobe, causing it to read the contents of I/O Port B, 

Many other handshaking protocols may be created under program control. The four automatic protocols described 
above are simply four situations which can be specified, and which will subsequently occur without further program in- 
tervention. But remember, you can modify the level of control signal CA2/CB2 any time by outputting a Control code 
with bits 5 and 4 both set to 1 ; CA2/CB2 will then take the level of Control code bit 3, You can also determine the con- 
ditions which will cause an interrupt request as a result of any control signal transition. 
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THE MC6850 ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) 

The MC6800 microcomputer system provides separate devices supporting synchronous and asynchronous 
serial I/O. The MC6850, which we are about to describe, provides asynchronous serial I/O. The MC6852, which we will 
describe next, supports synchronous serial I/O. 

Taken together; the MC6850 and MC6852 devices are approximately equivalent to the 8251 USART. The 8251 
is a general purpose 8080 device that can be used with a variety of microcomputers. Refer to Volume 3 for a descrip- 
tion of 8251 's. 

Figure 9-24 iilustrates that part of our general microcomputer system logic which is provided by the MC6850 
and MC6852 devices. 

Having separate synchronous and asynchronous Serial I/O devices has advantages and disadvantages, when 
compared to the 8251 USART which provides both sets of logic on a single device. In a microcomputer system that 
uses either asynchronous or synchronous serial I/O, but not both, separate devices are better, because they come in 
smaller packages and require less space on a PC card. If your microcomputer system uses both synchronous and 
asynchronous serial I/O, then a single device will be more economical. 

When comparing the MC6850 With the 8251, you will find that the 8251 offers more asynchronous serial I/O 
options, but it is harder to program. In fact, you must program the 8251 defensively; 8251 statuses and control sig- 
nals simply prompt your program logic, but actually do nothing within the 8251 USART itself. When using the MC6850 
and MC6852, that is not the case: these two devices are much easier to program. 

The MC6850 ACIA is packaged as a 24-pin DIP. It is fabricated using N-channel silicon gate technology. 

A single +5V power supply is required. 

In the discussion of the MC6850 that follows we will frequently refer to the 8251 USART description in Volume 3. If 

you are unfamiliar with asynchronous sbrial I/O devices in general, see Chapter 5 of Volume 1, then read the 
description of the 8251 USART which is given in Volume 3. 

THE MC6850 ACIA PINS AND SIGNALS 

MC6850 ACIA pins and signals are illustrated in Figure 9-25. Signals may be divided into the following four 
categories: 

1) CPU interface and control signals 

2) Serial input 

3) Serial output 

4) Modem control 

We will first consider CPU interface and control signals. 

DO - D7 constitutes an 8-bit bidirectional Data Bus connecting the MC6850 with the CPU. 

When data is output to the MG6850 by the CPU, either a byte of parallel data or a Control code will be transmitted. 

A byte of parallel data will be serialized and transmitted according to the protocol which has been selected under pro- 
gram control. 

Either data or status may be input from the MC6850 ACIA to the CPU via the Data Bus. Data consists of an 8-bit parallel 
data unit extracted from the serial input data stream. Status consists of the contents of the ACIA Status register. 

The Status register of the MC6850 ACIA is very important, because the MC6850 uses status flags where the 8251 
uses control signals to monitor serial data transfer logic. 

The MC6850 ACIA is accesse d bV the CPU as two memory locations. MC6850 select logic consists of the three chip 
select signals CSO, CS1 and CS2; manufacturers' literature also refers to the enable signal E as being part of the 
chip select logic: however, E is more accurately visualized as an internal synchronization signal. 

For the MC6850 ACIA to be selected, CSO and CS1 must be input high while CS2 is simultaneously input low. Once 
selected, the register select signal RS determines which of the two addressable locations within the MC6850 
ACIA will be accessed. When RS is low, a Read will access the ACIA Status register, while a Write will access the 
ACIA Control register. When RS is high, ACIA data buffers will be addressed. 

While the MC6850 ACIA is selected, internal logic is synchronized on the trailing edge of the E signal. E is a standard 
output of the various MC6870 clock devices used to synchronize support logic throughout an MC6800 microconnputer 
system. 


9-55 




Figure 9-24. Logic of the MC6850 ACIA or MC6852 SSDA Devices 


R/W is the control input which determines whether a Read or Write operation is in progress. When R/W is high, 
the CPU is reading data out of the MC6850. When R/W is low, the CPU is writing data to the MC6850. 

The MC685d has no RESET input; a Control code is used as a master Reset. When power is first detected within 
the MC6850, internal logic automatically initiates a Reset sequence. Subsequently, before initializing the MC6850 for 
serial data transfer you should again reset the device by inputting a Reset Control code. 
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D0-D7 

Data Bus to CPU 
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Chip Select 

Input 

E 

Internal synchronization 

Input 

RS 

Register Select 

Input 
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TxD 

Transmit Data 

Output 
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Receive Dock 
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Receive Data 
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Input 


Request To Send 

Output 

DCD 

Data Carrier Detect 

Input 

IRQ 

Interrupt request 

Output 

vdd. vss 

Power and Ground 



Figure 9-25. MC6850 ACIA Signals and Pin Assignments 


MC6850 DATA TRANSFER AND CONTROL OPERATIONS 

There are a number of buffers through which data flows in and out of the MC6850 ACIA. These data flows may 
be illustrated as follows: 


Parallel Parallel Control 

Data In Data Out Code Status 



Serial 

Serial 

data 

data 

input 

output 
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Buffer names in the illustration above conform with terminology used for the 8251 in Volume 3; this will make 
it easier for you to compare the two devices. 

Like the 8251 , the MC6850 has double buffered serial input and output logic. As described for the 8251 , while a data 
byte is being serialized and output from Buffer TB, you must simultaneously write the next data byte to Buffer 
TA. Also, while a serial data byte is being assembled in Buffer RB, you must read the previously assembled data 
byte out of Buffer RA. 

Unlike the 8251 , the MC6850 has a separate Control register. You can therefore write Control codes and read status 
at any tihne without fear of scrambling data waiting to be transmitted. 

As compared to the 8251, the MC6850 has very elementary serial I/O logic. 

TxCLK is an externally provided clock signal which times the serial, asynchronous data 
stream which is output via TxD. 

Similarly, RxCLK is an externally provided clock signal which times the serial, asynchronous 
data stream which is input via RxD. 

There are no control signals accompanying serial I/O data; rather, a single interrupt request 
signal is shared by all transmit and receive conditions. You have to write an interrupt service routine which reads the 
contents of the MC6850 Status register, and thus determine which one of the many serial data transfer interrupt re- 
quest conditions has occurred. 

The fact that you must execute instructions to duplicate the logic which the 8251 provides with its TxRDY, RxRDY and 
TxE signals will certainly make an MC6800 microcomputer system less attractive in an application that makes hbavy 
use of serial I/O. Conversely, the MC6800 system will appear more attractive in simple applications, since you have less 
interface circuitry to be concerned with. 

Three modem control sig nals a re pr ovid ed: Clear To Send (CTS), Request To Send (RTS), 
and Data Carrier Detect (DCD). CTS and RTS are identical to the signals with the same names 
described in Volume 1 , Chapter 5 for the general case, and in Volume 3 for the 8251 . 

RTS is output by the M C685 0 under program control wh en th e MC6850 is ready to tran smit data. 

A full duplex line turns RTS around and sends it back as CTS; a half duplex line returns CTS after 
line turnaround has occurred. 

The MC6850 has no Data Set Ready (DSR) signal; this is the signal which many serial I/O devices trarismit to modems 
or a ny external receiving logic vvhen ready to commence with serial data communications. When using an MC6850, 
RTS must serve double duty, additionally substituting for DSR. 

Even though the MC6850 has only three of the normal four control signals, these signals work hard withih the 
MC6850. 

The D CD i nput must be low for se rial t ransmit logic within the MC6850 to be enabled. This is true also of the equivalent 
8251 DSR signal; however, if the DCD signal makes a low-to-hig h tran sition, the MC6850 will generate an interrupt re- 
quest, thus effectively halting serial data output. A low-to-high DCD transition implies that the modem has, for sonne 
reas on, d isconnected itself; any further data transfer will be lost. In the case of the 8251 , if a modem disconnects itself 
and DSR goes high, this condition will be reflected in a Status register flag, but unless the CPU executes instructions to 
read the Status register and test for this condition, the 8251 will continue transmitting data — even though the receiv- 
ing end is dead. 

The IV1C6850 uses CTS high to prevent the Status register from reporting a "Transmit Register Empty" condition. The 
IV1C6800 CPU determines when to send another byte of data to the MC6850 by testing the Status register, and looking 
for a "T ransmit Register Empty" condition. If this condition never gets reported, no data will ever be uselessly transmit- 
ted. Contrast this with 8251 logic, where a misprogrammed 8251 can and will continue to transmit data after CTS has 
gone high. 


MC6850 

MODEM 

CONTROL 

SIGNALS 


MC6850 
SERIAL I/O 
DATA AND 
CONTROL 
SIGNALS 
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MC6850 ACIA CONTROL CODES AND STATUS FLAGS 


Let us now examine the way in which the MC6850 Control and Status registers are interpreted. 


Here is the Control register interpretation: 


7 6 5 4 3 2 


■Bit No. 



Control register 


00 Isosynchronous,-;-! clock rate 

01 -i-16 clock rate 
10-i-64 clock rate 
11 Master Reset 


MC6850 

CONTROL 

REGISTER 


000 7 bits, even parity, 2 stop bits 

001 7 bits, odd parity, 2 stop bits 

010 7 bits, even parity, 1 stop bit 

01 1 7 bits, odd parity, 1 stop bit 

100 8 bits, no parity, 2 stop bits 

101 8 bits, no parity, 1 stop bit 

1 10 8 bits, even parity, 1 stop bit 

111 8 bits, odd parity, 1 stop bit 


-00 RTS low, disable transmit interrupt logic 
01 RTS low, enable transmit interrupt logic 

10 RTS high, disable transmit interrupt logic 

1 1 RTS low, disable transmit interrupt logic, output break level 


■0 Disable receive interrupt logic 
1 Enable receive interrupt logic 


The CPU neither sends nor receives the parity bit The MC6850 adds the parity bit to transmitted data and strips or 
resets the parity bit in received data before it goes to the CPU. 


Control register bits 0 and 1 determine the data transfer clock rate. Recall that serial data is usually transmitted or 
received at 1/16th or 1/64th of the clock rate, TxCLK or RxCLK. Transferring serial data at the exact clock rate is refer- 
red to as isosynchronous data transfer. 


The master reset Control code substitutes for the normal reset input signal, which the 
MC6850 lacks. A master reset clears all MC6850 registers, with the exception of Status register 
bit 3, which is unaltered. 


MC6850 

SYSTEM 

RESET 


Control register bits 2, 3 and 4 identify data bit, stop bit and parity options. Compared to the 8251, 

MC6850 options are somewhat limited: five and six data bits are not provided and you cannot select 1.5 stop bits. 


Control register bits 5 and 6 are transmit logic control bits. Control register bit 7 is a receive 
logic control bit. 

Transmit logic consists of the RTS modem control and various transmit conditions that can cause 
an interrupt request. 


MC6850 
SERIAL I/O 
CONTROL 
LOGIC 


Receive control logic consists of various receive conditions that can cause an interrupt request. 

Interrupt logic of the MC6850 is an integral part of status logic. Conditions that can result in 
an interrupt request are therefore summarized below along with a definition of Status 
register bits. A "T" is placed in those bit positions that can result in an interrupt request from 
transmit logic. An "R”. is placed in those bit positions that can result in an interrupt request from 
receive logic. Status register bit positions that have neither a "T" nor an "R” identify conditions that do not result in in- 
terrupt requests. 

In those bit positions containing a "T" or an “R”. a 1 causes an interrupt request to occur. DCD (bit 3) is an exception: 
here it is the transition from 0 to 1 that causes an interrupt request. In each case, the interrupt request will only occur if 
interrupt logic has been enabled. If you look back at the Control register, you will see that transmit and receive interrupt 
logic can be enabled and disabled separately. Control register bits 5 and 6 determine whether transmit interrupt logic is 
enabled, while Control register bit 7 determines whether receive interrupt logic is enabled. Note that the condition of 
Status register bit 3 can also disable a TORE interrupt request. 


MC6850 

INTERRUPT 

LOGIC 
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When an interrupt request occurs, the requesting condition is cleared in various ways depending upon where the re- 
quest originated. 

An RDRF interrupt request will be cleared if the CPU reads data from the MC6850, or if a reset Control code is output. 
A TORE interrupt request will be cleared by writing data to the MC6850 or by issuing a reset Control code. 

Interrupts requested by DCD or OVRN are cleared by reading the Status register after the error condition has occurred, 
and then reading the Data register. A Master Reset will also clear these interrupt requests. 

Let us now take a closer look at the Status register itself. This is how register bits are interpreted: 


7 6 5 4 


Status register 


RDRF, Receive Data register full 
TDRE, Transmit Data register empty 
DCD, Data Carrier Detect signal status 
CTS, Clear To Send signal status 
FE, Framing Error 
OVRN, Receiver overrun error 

I ' PE, Parity Error 

^ IRQ, Interrupt request 

(1 in a bit position represents "true" condition for bits ?, 6, 5, 4/1 and 0.) 

Status register bit 0, Receive Data Register Full, goes to 1 when a byte of assembled data is transferred from 
Rece ive register RB to Receive register RA, Bit 0 is cleared as soon as the CPU reads the contents of Register RA. The 
DCD modem control signal, when high, forces Status register bit 0 to stay low so that the CPU will not attempt to read 
nonexistent data. 

Status register bit 1, Transmit Data Register Empty, goes from 0 to 1 as soon as data is transferred from Register TA 
to Register TB. This bit is reset to 0 as soon as the CPU writes another bit of data into Register TA. 

Status register bit 2, Data Carrier Dete ct, is used by the MC6800 to determine the status of external logic com- 
municating with the MC6850. When DCD makes a low-to-high transition, an interrupt request is genera ted a nd Status 
register bit 2 goes high. Bit 2 remains high until the Status register contents are read by the CPU a fter D CD has gone 
low again. A Reset will also set Status register b it 2 t o 0. If the CPU reads the Status register while DCD is' high, then 
subsequently Status register bit 2 will t rack the DCD level; however, another interrupt will not be requested. It is the 
actual low-to-high transition of the DCD signal which causes an interrupt request, not a high level of Status register bit 
2 

Status register bit 3, Clear To Send, tracks the CTS modem control input. MC6850 logic uses Status re giste r bit 3 to 
inhibit serial data transfer when external receiving logic is not ready to receive the serial data. When CTS is high. 
Status register bit 1 will be' held low. A TDRE interrupt request cannot occur, and program logic which Tests Status 
register bit 1 will not transmit another data byte to Register TA until it detects a 1 in Status register bit 1 . Thus, for as 
long as'CTS is high, serial transmit logic will be inhibited. 

Status register bits 4, 5 and 6 report framing, overrun and parity errors, respectively. Recall that a framing error is 
reported when start and stop bits do not correctly frame a data character; a framing error refers to the data byte cur- 
rently waiting to be read out of RA. An overrun error is reported if the CPU does not read Register RA contents before a 
byte of data is transferred from Register RB to Register RA. A parity error is reported if parity has been enabled by Con- 
trol register bits 2, 3 and 4, but the wrong parity is detected. 

A framing or parity error is automatically reset as soon as the erroneous data is read out of Register RA, or is overwrit- 
ten. 

An overrun error is cleared by reading data from the MC6850. 


J A k 
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Status register bit 7, Interrupt Request, is 1 whenever there is an unacknowledged interrupt request pending at the 
MC6850 device. One method that an MC6800 will use to determine the source of an interrupt request is to read device 
Status registers. If the MC6850 has no other method of identifying itself to the CPU when requesting an interrupt, then 
the CPU determines whether the MC6850 was the requesting device by reading the contents of the MC6850 Status 
register and testing the condition of bit 7. 


THE MC6852 SYNCHRONOUS SERIAL DATA 
ADAPTER (SSDA) 


The MC6852 SSDA provides MC6800 microcomputer systems with synchronous serial I/O logic. 

The MC6852 SSDA may be looked upon as a companion device to the MC6850 ACIA which we have just de- 
scribed. Taken together, these two devices provide MC6800 microcomputer systems with total serial I/O 
capability. 

Figure 9-24 illustrates that part of our general microcomputer system logic which is provided by the MC6850 
and MC6852 devices. 

The most striking difference between the MC6850 and the MC6852 is their respective capabilities. Whereas 
the MC6850 offers fewer asynchronous serial I/O options than the 8251 USART (described in Volume 3), the 
MC6852 offers significantly more synchronous serial I/O options. Moreover, the MC6852 provides additional 
serial I/O options without the penalty of defensive programming which is demanded by the 8251 USART 

The MC6852 SSDA is packaged as a 24-pin DIP. It is fabricated using N-channel silicon gate technology. 

A single +5V power supply is required. 

In the discussion of the MC6852 that follows, we will frequently refer to the 8251.,USART description given in 
Volume 3. If you are unfamiliar with synchronous serial I/O devices in general, see Chapter 5 of Volume 1 , then 
read the description of the '8251 USART which is given in Volume 3. 

MC6852 SSDA PINS AND SIGNALS 

MC6852 SSDA pins and signals are illustrated in Figure 9-26. Most of these signals are identical to those illustr- 
ated in Figure 9-25 for the MC6850, therefore we will only describe four signals which differ. 

The MC6852 has a master Reset input, which, when input low, logically resets the MC6852. We will define how a 
Reset occurs after describing the MC6852 controls and status flags affected by a Reset. 

The Data Carrier Detect (DCD) modem control input performs two functions. The normal function of DCD is to 

serve as a control signal transmitted by an external data carrie r wh ich is ready to transmit serial data to the MC6852 
SSDA. Both the high-to-low and the low-to-high transitions of DCD have additional significance. The high-to-low sig- 
nal transition can optionally be used as an external synchronization indicator, while a subsequent low-to-high transi- 
tion is an error indicator, signaling an unexpected disconnect: 



ing the start of data bits incoming on RxD. pectedly. 

Usin g the high-to-low DCD pulse for external synchronization is a programmable option. The error condition reported if 
DCD makes an unexpected low-to-high transition is not a programmable option; it is a permanent part of the MC6852 
error detection logic. 
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Figure 9-26. MC6852 SSDA Signals and Pin Assignments 


Clear To Send (CTS) is the modem control signal w hich i s nor mall y input by external receiving logic, indicating that 
the l\/IC6852 may begin transmitting serial data. Like DCD. tfie C TS h igh-to-low transition can be used to synchronize 
the be ginni ng of data transmission; the low-to-high transition of CTS is an error indicator. Once again, using the high- 
to-low CTS pulse to pr ovide external transmit synchronization is a programmable option. However, an untimely low-to- 
high transition of CTS is an error indicator only if internal synchronization is being used. Therefore, if the high-to-low 
CTS transition is active, then the low-to-high subsequent transition must be inactive; conversely, if the high-to-low 
CTS transition is inactive, then a subsequent low-to-high transition will be active. This is because the high-to-low tran- 
sition, if active, means that external synchronization has been selected — in which case the disconnect error logic is in- 
active. 

Note that whereas the CTS signal low-to-high transition is only active during internal synchronization operations, the 
DCD low-to-high transition is active at all times. This means that external logic disconnecting itself during a serial 
transmit operation will only cause an error to be indicated if external synchronization has been selected. On the 
other hand, during a serial receive operation, if external logic disconnects itself, an error will be indicated 
whether internal or external synchronization has been selected. 

Since DCD and CTS can both be used for e xternal synchronization, as we might expect, DTR also serves a double 
function. Under normal circumstances, DTR w ill be output low by the MC6852 when it is ready either to transmit, or to 
receive s erial data. If the MC6852 has output DTR l ow be fore transmitting serial data, then the receiving data carrier 
will turn DTR around and send back a high-to-low DCD pulse as we i llust rated. If you have selected external syn- 
chronization under program control, then you can additionally program DTR to output a single high pulse as soon as 
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synchronization has been detected. This may be illustrated as follows: 


XC6S52 wants to Data carrier says it is XC6852 says it has detected 

receive data ) ready to transmit data external synchronization 


SM/DTR 


DCD 


RxCLK 


RxD 


Rising edge of RxCLK following falling edge of An untimely low-to-high transition of DCD 
DCD can serve as external synchronization, mark- means the transmitter got disconnected unex- 
ing the start of data bits incoming on RxD. pectedly. 

Because DTR also acts as a Sync Match acknowledge, it is referred to as SM/DTR. 

When the MC6852 transmits serial data, it transmits the least significant bit first. The 
MC6852 also expects to receive the least significant bit first when receiving serial data. 

Transmitter Underflow (TUF) is the fourth unique MC6852 signal. This signal is output when an underflow condi- 
tion occurs during serial synchronous data transmission. Recall, that during seria'i synchronous data transmission, if 
serial transmit logic finds no data ready to be output, then in order to maintain synchronization, a break character or a 
Sync character will be output. A break character is a continuous high level, equivalent to FF-|6- A Sync character will 
have some predefined binary pattern. Providing you have programmed the MC6852 to output Sync characters when 
no valid data is ready for serial transmission, the MC6852 will precede each Sync character with a high TUF pulse. Ex- 
ternal receive logic can use a high TUF pulse as an indicator that the next received character is a Sync and can be dis- 
carded. 

MC6852 DATA TRANSFER AND CONTROL OPERATIONS 

Like the MC6850, the MC6852 SSDA is accessed via two memory addresses; however, these two memory ad- 
dresses are shared by seven locations within the MC6852, which results in a complex set of data flows, as il- 
lustrated in Figure 9-27. 

These are the seven addressable locations of the MC6852: 


MC6852 

SERIALIZATION 

SEQUENCE 



1 ) 

2 ) 

3) 

4) 

5, 6, and 7) 


Data input — a read only location. 

Data output — a write only location. 

Status register — a read only location. 

Sync Code register — a write only location. 

Three Control registers — all are write only locations. 


Data input and data output are self-evident; apart from being triple buffered — and we will discuss the implications of 
triple buffering shortly — there is nothing unusual about MC6852 data input or output. 


The Status register is absolutely standard. 

The three 8-bit Control registers provide the MC6852 with a substantial variety of control options, as compared to 
the MC6850, which was somewhat limited in this respect. 

The Sync Code register stores the 8-bit synchronization character code; this is the character which must appear at 
the beginning of any synchronous serial data stream and may also be transmitted when data is unavailable during a 
normal transmit sequence. 
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Of the seven addressable locations, two are read only, while five are write only. Each memory address can access 
two locations, providing one is exciusively read only, while the other is exciusively write oniy. Since there are 
just two read only locations, one is assigned to each memory address. Since there are five write only Ideations, one 
(Control Code 1) is assigned to the lower address, which leaves four assigned to the higher address; the two high-order 
bits of Control Code 1 are used to select one of the four write only locations assigned to the higher address. While this 
may look like a complex scheme, in reality it is not; all it means is that you have to observe a rigid programming se- 
quence when using an MC6852. In fact, understanding the MC6852 depends completely on understanding the Control 
and Status registers; therefore we wiil describe these registers first, then look at data transfer sequences. 

MC6852 STATUS REGISTER 

The MC6852 Status register may be illustrated as follows: 


Bit No. 

iVIC6852 Status register 

RDA. Receive data available; read RA 
TDA. Transmit data register available; write to TA 
DCD. Data Carrier Detect signal status 
CTS. Clear To Send signal status 
TUF. Transmitter Underflow error indicator 
OVRN. Overrun error indicator 
PE. Parity Error indicator 
IRQ. Interrupt request status 

(1 in a bit position represents "true" condition for bits 7, 6, 5, 4, 1 and 0.) 



Conditions that may generate interrupts are marked with letters in appropriate Status register bit positions. An 

interrupt request initiated by an error condition is represented by the letter E. Interrupt requests originating at transmit 
or receive logic are represented by the letters T and R, respectively. 


Status register bit 0 (RDA) indicates when the MC6852 Status register has a byte of data 
ready to be read. Sirnilarly Status register bit 1 (TDA) indicates when the MC6852 is ready 
to receive another byte of data which will be output as a serial data stream. 

As indicated in Figure 9-27, MC6852 transmit and receive logic is triple buffered. This differs from 
the MC6850 which uses double buffering. 


MC6852 

TRIPLE 

DATA 

BUFFERS 


You can use the triple buffering of the MC6852 in one of two ways which you select using appropriate Control 
register codes. 


You can select a single byte option, in which case as soon as a single byte of data can be written to Buffer TA or read 
from Buffer RA, the appropriate status flag will be set —and if interrupts are enabled, an interrupt request will be made 
to the CPU. The program controlling MC6852 operation must respond by reading or writing a single byte of data. A 
byte of data written to Buffer TA will automatically be rippled through Buffer TT to Buffer TB, whence it will output as a 
serial data stream. Data arriving at Buffer RB will be rippled through Buffer RT to Buffer RA, whence it must be read by 
the CPU. 


if you select the two byte option under program control, then no status flags will be set. nor will interrupt requests 
occur until. two of the three 8-bit buffers are empty. Thus, status bit 0 will be set and a receive interrupt request will oc- 
cur when Buffers RA and RT are both full. Under program control you must, at this time, read two bytes of data. So long 
as a single pulse of the timing E signal separates the two read commands, MC6852 logic will transfer Buffer RT con- 
tents to Buffer RA so that the second read accesses what had been in Buffer RT. In fact, you should read RA contents, 
then status, then RA contents again. If there are errors associated with the data byte in RT, they will not be reported un- 
til RT contents have been transferred to RA. 
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When using the tWo byte option with transmit logic, Status register bit 1 will not be set and the appropriate interrupt 
request will not occur until Buffers TA and TT are both empty. At this time the executing program must write two bytes 
of data to the higher MC6852 address, while Control code 1 , bits 7 and 6 are both 1 . The first byte of data written to the 
higher MC6852 address will store data in BuffertA. The next pulse of the E clock will transfer the contents bf BufferTA 
to Buffer TT, The second write will again load Buffer TA whose previous conteHts are now in Buffer TT, 

Status register bits 2 and 3 are associated with signals DCD and CTS, respectively. If DCD or CTS makes a low-to- 
high transition, then Its corresponding Status register bit will lat ch hi gh — tha t is, it will maintain a level of 1 until it is 
reset by the CPU, Once bit 2 (or 3) has been reset, it will track DCD (or CTS) until the next low-to-high transition. 

Note that in Sync mode, if Status register bit 3 is 1. then Status register bit 1 will be held at 0; this is how the 
MC6852 suppresses subsequent transmit logic. 

Status register bits 4, 5 and 6 indicate Underflow, Overrun or Parity errors, respectively. 

An Underflow error occurs when transmit logig does not have a byte of data ready to transmit and has to insert a Sync 
character. The Underflow error is reported just before the Syhc character is transmitted. When Status register bit 4 is 
set, the TUF signal is simultaneously pulsed.high. 

An Overrun error occurs when a byte of data is written into Buffer RA before prior buffer contents have been read. An 
Overrun error therefore indicates that a single byte of data has been lost. 

A Parity error indicates that a Parity option has been selected, but the wrohg Parity was detected for the data byte cur- 
rently in Buffer RA. 

These three error conditions are completely standard: however, the way they are handled within the MC6852 
is not standard. When any one of these error conditions occurs, the appropriate Status register bit vyill be set and 
simultaneously an interrupt request will be generated, providing you have ehabled these three error interrupts. 

An error status is not cleared automatically. To clear Status register bits 4, 5 or 6, you have to read Status register con- 
tents, then issue an appropriate Control code to reset the selected bit. 

We can summarize the functions performed by MC6852 Status register bits by looking at the manner in which 
each bit is set or reset: then we can separately examine the way in which interrupt logic is associated with 
each status bit position. 

Table 9-6 summarizes the conditions which cause each bit to be set and then resiet. Table 9-7 summarizes inter- 
rupt requests associated with each status bit, indicating the way the interrupt is enabled or disabled and the way in 
which an interrupt request occurs. You will find Table 9-7 following the three Control registers’ description, because in- 
terrupt logic is equally dependent upon the Status register’s contents and the three Control registers’ contents. 

THE MC6852 CONTROL REGISTERS 

Now consider the three MC6852 Control registers. 

Control register 1 is normally the first to be accessed and has to be written into in order to select any other write only 
MC6852 location. Control register 1 format may be illustrated as Idllows; 
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Control register 1. bits 0 and 1 reset and inhibit receive and transmit iogic, respectiveiy. You use these two Con- 
trol register bits in order to disable transmit and receive logic while modifying the contents of any Control register or 
the Sync register. 

Control register 1, bits 0 and 1 are very important. It is easy to miss the significance of these two control bits. If 

you aivvays inhibit transmit and receive logic before modifying the contents of Control or Sync registers, you can make 
sure that spurious data is neyer transmitted or received. The 8251 USART described in Volume 3, does hot have any in- 
hibit logic of this type; and as a result, you have to adopt elaborate precautions to avoid data transmission errors. 

While transmit and receive logic is inhibited. Status register bits 2 and 3 will still track the DCD and CTS signals; 
however, no data transfers will occur and interrupts associated with the inhibited logic will be disabled. 

Using Control register 1, bits 0 and 1 to inhibit transmit and/or receive logic also affects Status register bits and inter-, 
rupt requests, as suhrinnarized in Tables 9-6 and 9-7. 


Table 9-6. MC6852 Status Register Bit Set/Reset Conditions 


qjATUS 

SET 

RESET 

RDA - Bit 0 

1) If Control register 2 bit 2 is 1, when 

Buffer RA is full. 

2) if Control register 2 bit 2 is 0, when 

Buffers RA and RT are full. 

1) Write 1 jn Control register 1 bit 0. 

2) Read Buffer RA contents. 

TDA - Bit 1 

1) If Control register ^ f^jt 2 is 1 when 

Buffer TA is empty. 

2) If Control register 2 bit 2 is 0 when 

Buffers TA and TT are empty. 

1) 1 occurs in Status register bit 5, 
together with 0 in Control register 3 bit 0. 

2) Write 1 in Control register 1 bit 1. 

3) Write into Buffer TA. 

DCD - Bit 2 

A low-to-high DCD input transition when 

Control register 1 bit 0 is 0. 

1) Head Status register, then read Buffer 

RA. Status will subsequently go low 
when DCD input goes low. 

2) Write 1 into Control register 1 bit 0. 

Status will subsequently go low when 

DCD input goes low. 

Bit 3 

A low-to-high CTS input transition when 

Control register 1 bit 1 is 0. 

1) Write 1 to Control register 3 bit 2. 

Status will subsequently go low when 

CTS input goes low. 

2) Write 1 into Control register bit 1. 

Status will subsequently go low when 

CTS input goes low. 

TUF - Bit 4 

Underflow when Control register 3 bit 0 is 0 
and Control register 2 bit 6 is 1. 

1) Write 1 into Control register 3 bit 3. 

2) Write 1 into Control register 1 bit 1 . 

OVRN - Bit 5 

Buffer RT contents is transferred to Buffer 

RA before Buffer RA contents is read by CPU. 

1) Read Status register, then read Buffer RA. 

2) Write 1 i[j^o Control register 1 bit 0. 

pe - Bit 6 

Parity error for data in RA, providing Control 
register 2 bits 3, 4 and 5 identify a parity option. 

1) Read data out of Buffer RA. 

2) Write 1 into Control register 1 bit 0. 

IRQ - Bit 7 

Any interrupt request occurs. 

No active interrupt requests exist. 


9-67 






























Table 9-7. MC6852 Interrupt Summary 


INTERRUPT 

ENABLE 

REQUEST 

RDA — Read Buffer 

RA or Buffers RA 
and RT contents 

Control register 1 bits 0 and 5 must be 

0 and 1 respectively 

Status register bit 0 = 1 

TDA — Write into 

Buffer TA or pA 
and TT 

Control register 1 bits 1 and 4 must be 

0 and 1 respectively. 

Status register bit 1 = 1. 

This will not occur if Status register 
t?it 3 = 1. 

DCD; — Transmitting 
data carrier ‘ 

disconnected 

Control register 2 bit 7 must be 1 

On low-to-high transition of PCD. 

CTS — Receiving 

external logic 
disconnected 

Control register 2 bit 7 must be 1. 

On low-to-high transition of CTS. 

TUF — Transmit 

underflow has 

occurred 

Control register 2 bit 7 must be 1. 

Status register bit 4 1. 

OVRN — Receive 

overrun error 

has occurred 

Control register 2 bit 7 must be 1, 

Status register bit 5 == 1. 

PE — Parity Error 

Control register 2 bit 7 must be 1 

Status register bit 6 = 1. 


Control register 1, bit 5 allows you to enable or disable receive data interrupt logic. Control register 1, bit 4 
allows you to enable or disable transmit data interrupt logic. 

There is no connection between Control register 1, bits 0 and 1, and Control register 1. bits 4 and 5. Obviously, if 
transmit or receive logic has been inhibited, then it makes no difference whether interrupt logic has been enabled or 
disabled; in either case an interrupt cannot occur. However, if transmit or receive logic is enabled, then interrupt logic 
may be separately enabled or disabled. i - 

Control register 1, bits 2 and 3 detern^jne the way the Sync character will be handled. If Control register 1 bit 2 is 

high, then all Sync characters in a serial receive data stream will be stripped, so that only non-Sync characters are read 
by the CPU. If Control register 1 . bit 2 is low, then the entire data stream will be transmitted to the CPU, including data 
and Sync characters. Note that the initial Sync character is always stripped: 

Control register 1, bit 3 allows you to completely inhibit all Sync character logic. Now the Sync character will be 
cleared, and the MC6852 must use external synchronization. 

Control register bits 6 and 7 determine which write only location will be accessed when the CPU writes to the 
higher memory location of the MC6852. 
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Now consider Control registers 2 and 3, which are best looked upon as a single 12-bit control unit. These two 
ControUregisters may be iilustrated as follows: 


—7 6 5 4 3 2 1 0 




-Bit No. 

■ MC6852 Control Register 2 


-00 Output continuous high at SM/DTR 
01 Output a high pulse at SM/DTR upon detecting a Sync match 

10 Output continuous low at SM/DTR 

1 1 Output a continuous low at SM/DTR and inhibit Sync match" ■ 
-0 Read /Write data two bytes at a time 

1 Read /Write data one byte at a time 
-000 Select 6 data bits plus even parity 
001 Select 6 data bits plus odd parity 

010 Select 7 data bits and no parity 

01 1 Select 8 data bits and no parity 

100 Select 7 data bits and even parity 

101 Select 7 data bits and odd parity 

110 Select 8 data bits and even parity 

1 1 1 Select 8 data bits and odd parity 

-0 Transmit break code (all 1 bits) on underflow 
1 Transmit Sync character on underflow 

- 0 Inhibit all error interrupt requests 
1 Enable all error interrupt requests 


7 6 5 4 3 2 1 0 


A ii (I il 



Bit No. 

MC6852 Control Register 3 


• 0 Select internal Sync mode 
1 Select external Sync mode 

-0 Select two Sync characters 
1 Select one Sync character 
■ 1 Clear CTS interrupt request 

• 1 Clear transmitter underflow interrupt request 

• Unassigned 


Control register 2. bits 0 and 1, and.Control register 3, bits 0, 1, 2 and 3 are used to define synchronization logic. 

Control register 3,^bit 0 is used to determine whether internal or external synchronization will be employed. If internal 
synchronization is selected, then Control register 3, bit 1 determines whether one or two Sync characters must precede 
a serial data stream for initial synchronization to occur. 

Control register 2. bits 0 and 1 must now be set so that SM/DTR logic conforms to the synchronization options selected 
by Control register 3, bits 0 and 1 . You also use Control register 2, bits 0 and 1 to select the signal level that will be out- 
put for a standard DTR modem control. 


Control register 2, bits 2, 3, 4, 5 and 6 define the data transfer options. 

Recall that when the CPU reads received data, or writes data to be transmitted, data may be read and written one byte 
at a time, or two bytes at a time. We discussed this option when describing Status register bits 0 and 1 . You select the 
one byte or two byte mode via Control register 2, bit 2. 

Control register 2, bits 3, 4 and 5 allow you to define the number of data bits per word, and parity options. These 
are standard selections which have been described in detail in Volume 1 , Chapter 5. Notice that the MC6852 provides 
a much wider variety of data and parity options than the MC6850. 


9-69 




Control register 2, bit 6 determines the response of MC6852 transmit logic when no data is ready to be transmitted. If 

Control register 2, bit 6 is 0, then a break code will be output on underflow; if this bit is 1 , then a Sync character code 

will be output on underflow. Remember, an Underflow error will be reported in the Status register only if you transmit 
Sync character codes on Underflow. Therefore, Control register 2, bit 6 must be 1 if Underflow errors are to be reported 
in the Status register. Recall that an underflow error is reported before a Sync character is transmitted: also, the under- 
flow error status is accompanied by a high TUF output signal pulse. 

Along with Control register 1, bits 4 and 5, which we have already described. Control 
register 2, bit 7 and Control register 3, bits 2 and 3 apply to MC6852 interrupt logic. 

MC6852 interrupt logic is quite complex. There are a number of interrupt sources and no standard 

procedure for enabling, disabling, acknowledging or processing different interrupt requests. 

Rather than describing the Control register bits that pertain to interrupts, therefore, various interrupt options pro- 
vided by the MC6852 are summarized in Table 9-7. 

PROGRAMMING THE MC6852 

Let us now look at the normal sequence of events when programming the MC6852. 

First the MC6852 must be initialized. Initialization begins by resetting the MC6852 using the RESET control input. 

When the MC6852 is reset this is what happens: 

1) Control Register 1. bits 0 and 1 are set to 1, inhibiting transmit and receive logic. 

2) Control register 2, bits 0 and 1 are reset to 0. causing SM/DTR to be output high. 

3) Control register 2, bit 7 is reset to 0, disabling DCD and CTS interrupt requests, and all error 

interrupt requests. 

4) Control register 3, bit 0 is reset to 0, selecting internal synchronous mode. 

5) Status register bit 1 is cleared and held low so that the CPU never reads a status that requests data be written to 

the MC6852. 

Control register bits affected by the RESET control input cannot be modified until RESET goes high again. 

Following device Reset you must load Control registers 1, 2 and 3 and the Sync Code register. The only caution con- 
cerns Control register 1 ; remember. Control register 1, bits 6 and 7 must be modified so that you can access Control 
registers 2 and 3 and the Sync Code register. When modifying Control register bits 6 and 7, be sure not to inadvertently 
modify the remaining six bits of Control register 1. 

Once the MC6852 has been initialized, you are ready to start transmitting or receiving data. 

The only complications associated with transmitting or receiving data involve the way in which you select the pro- 
grammable options of this device. There is nothing intrinsically different or complicated about the MC6852, as com- 
pared to any other synchronous serial I/O device. These are the only rules to observe; 

1) Always inhibit transmit and receive logic via Control register 1, bits 0 and 1 before modifying the contents of any 
Control register or the Sync register. 

2) Unless you have enabled error interrupts, always precede any data read or write operation by reading the contents 
of the Status register and checking for errors. 

3) Remember, the MC6852 transmits serial data least significant bit first. This is the inverse of IBM format; 
and it is up to you to invert the data stream when using an MC6852 with external IBM protocol logic. 


MC6852 

RESET 

OPERATION 


MC6852 

INTERRUPT 

LOGIC 
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THE MC8507 (OR MC6828) PRIORITY INTERRUPT 
CONTROLLER (PIC) 

This Priority Interrupt Controller has two part numbers, identifying the fact that it is a bipolar part, and also com- 
patible with the NMOS family of the MC6800 microcomputer devices. We will use the part identification 
MC6828 in the discussion that follows. 

The MC6828 Priority Interrupt Controller processes up to eight external interrupt requests, creating a vectored 
response to an interrupt acknowledge. Interrupt priorities are determined by pin connections, but under pro- 
gram control you can set a priority level below which all interrupts are inhibited. 

Figure 9-28 illustrates that part of our general microcomputer system logic which is provided by the MC6828 
PIC. 
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The MC6828 PIC cannot be compared to the 8259 PICU which is available with 8080A microcomputer 
systems. The briefest inspection of the two devices will indicate that the 8259 offers a significantly wider range of op- 
tions — which can be a good thing or a bad thing. As we have often stated, an excessive dependence on interrupt pro- 
cessing in microcomputer applications is hard to justify; in all probability the more limited capabilities of the MC6828 
will adequately serve the needs of any reasonable microcomputer application. 

The MC6828 is packaged as a 24-pin DIP. It is fabricated using bipolar LSI technology. 

A single +5V power supply is required. 

MC6828 PINS AND SIGNALS 

MC6828 pins and signals are illustrated in Figure 9-29. 

In order to understand this device, you must first look at the way in which it is used within an MC6800 
microcomputer system. 



Pin Name 

Description 

Type 

A1 - A4 

Termination of system Address Bus lines A1-A4 

Input 

Z1 -Z4 

Continuation of system Address bus lines A1-A4 

Output 

INO - IN7 

External interrupt requests 

Input 

CSO, CS1 

Device Select 

Input 

R/W 

Read /Write control 

Input 

E 

Device Enable 

Input 

STRETCH 

Clock stretching signal 

Output 

IRQ 

Interrupt request 

Output 

Vcc. gnd 

Power and Ground 



Figure 9-29. MC6828 Signals and Pin Assignments 

Recall that when any standard external interrupt is acknowledged by an MC6800 CPU, the CPU will fetch the starting 
address for the interrupt service routine from memory locations FFF810 and FFF9i0. These two addresses may be il- 
lustrated as follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ^ Bit No, 


Address 

0 for FFF8 

1 for FFF9 
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The MC6828 PIC is positioned serially, preceding the external memory device which is to be seiected by the 
addresses FFF 8>|0 and FFFS-ig. Address iines A1, A2, A3 and A4 terminate at the MC6828. Logic within the 
MC6828 appropriately manipulates these four address lines and outputs some value which may differ from the 
input value. This may be iliustrated as follows: 

Address 
transmitted 
by CPU 

A15 1 

A14 1 

A13 1 

A12 1 

All 1 
A10 1 

A^ 1 
A8 ' 1 

A7 1 
A6 1 
A5 1 
A4 1 
A3 1 
A2 0 
A1 0 
AO X 

II I MC6828 


Thus, what the MC6828 does is extend the two addresses FFF8-|0 and FFF9-10 into 16 addresses, FFE810 through 
FFF710. 

The CPU knows nothing about the address manipulation which is taking place within the MC6828. So far as the CPU is 
concerned, upon acknowledging an external interrupt, it reads two bytes of data from memory locations FFF810 and 
FFF9i0; the fact that there are eight possible responses to these two addresses is of no concern to the CPU. 

Conceptually, the MC6828 is acting as an 8-way switch. The CPU addresses the switch by its "stem", via a single ad- 
dress. The actual conduit for the transfer of two bytes of data depends on the switch position at the time the CPU ac- 
cesses the switch stem; and the switch position is going to be determined by the highest priority active interrupt re- 
quest. This may be illustrated as follows; 

FFF6, FFF7 
FFF4, FFF5 
FFF2, FFF3 
FFFO, FFF1 
FFEE, FFEF 
FFEC, FEED 
FFEA, FFEB 
FFE8, FFE9 

Let us now look at the device pins and signals. 

A1 • A4 represents the termination of System Address Bus lines A1 - A4 at the MC6828. 

The continuation of the four address iines is via pins Z1 - Z4. 

The eight external interrupt requests ar e co nnected to INO - IN7. Interrupt priorities are in ascending level, from 
INO which has lowest priority through IN7 which has highest priority. 

Device select logic consists of CSO and CS1. For this device to be selected, CSO must be low while CS1 is high. 
There are additional select requirements that depend on the operation being performed, as we will describe shortly. 
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R/W is the read/write control output by the MC6800 CPU. 

E is the standard enable signal required by all support devices of an MC6800 microcomputer system. You can 

extend the response time available to the MC6828 by extending the E input. 

A STRETCH output is created and can be connected directly to the clock device of the microcomputer system in 
order to provide as much response time as needed by the MC6828. 

The actual interrupt request which generates the entire r espo nse process occurs via the IRQ output from the MC6828. 
This output will normally be connected to the MC6800 IRQ input. 

THE INTERRUPT ACKNOWLEDGE PROCESS 

When any one of the eight interrupt request lines INO • IN7 is low. an interrupt request is generated via IRQ. 
This interrupt request is passed on to the MC6800 CPU. 

As is normal, the MC6800, upon acknowledging the interrupt request, will perform two read operations; during these 
read operations the contents of memory locations FFF8ig and FFF9i6 are read. The MC6800 CPU interprets the con- 
tents of these two memory locations as a 16-bit address, identifying the beginning of the interrupt service routine 
which is to be executed following the acknowledge. 

When the MC6800 CPU is reading the contents of memory locations FFF 810 and FFFSie, these are the signal 
levels for the control and select inputs to the MC6828: 

R/W ^ CS1 A4 A3 A2 A1 
1 0 1 1 10 0 

The MC6828 interprets the signal combination R/W*CSO>CS1 'Al •A2>A3*A4, as a special select, causing it to 
output binary data on the Z1, Z2, Z3 a nd Z 4 pins representing the highest priority active interrupt request occur- 
ring on any of the interrupt request pins INO - IN7. Table 9-8 defines the binary data output corresponding to each in- 
terrupt level. 

If R/W is high, CSO is low and CS1 is high, but A1, A2, A3, A4 are not 0011, then the MC6828 will simply out- 
put, via Z1 - Z4, whatever is being input via A1 • A4. Also, when the MC6828 is not selected, A1 - A4 is simply 
output via Z1 - Z4, whatever values are input via A1 - A4; that is to say, 001 1 input to A1 - A4 will be output via 

Z1 - Z4 if the MC6828 is not selected. Thus, the presence of the MC6828 on the A1 - A4 address lines of the Ad- 
dress Bus will be transparent until either the address FFF810 or the address FFF9i0 appears on the Address Bus. 

In order to guarantee that the MC6828 remains synchronized with the rest of the MC6800 microcomputer system, 
logic internal to the MC6828 uses the E synchronization signal as part of internal enable logic. The way in which 
the E synchronization signal is used is of no particular concern to you, as an MC6828 user. Providing the E synchroniza- 
tion signal which drives the rest of the IVICBBOO microcomputer system also drives the MC6828, problems will not 
arise. 

Table 9-8. MC6828 Address Vectors Created for Eight Priority Interrupt Requests 


PRIORITY 

PIN 

Z4 

Z3 

Z2 

Z1 

EFFECTIVE ADDRESSES 

Highest 7 

iN7 

1 

0 

1 

1 

FFF6 and FFF7 

6 

IN6 

1 

0 

1 

0 

FFF4 and FFF5 

5 

IN5 

1 

0 

0 

1 

FFF2 and FFF3 

4 

IN4 

1 

0 

0 

0 

FFFO and FFF1 

3 

IN3 

0 

1 

1 

1 

FFEE and FFEF 

2 

IN2 

0 

1- 

1 

0 

FFEC and FEED 

1 

INI 

0 

1 

0 

1 

FFEA and FFEB 

Lowest 0 

INO 

0 

1 

0 

0 

FFE8 and FFE9 
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INTERRUPT PRIORITIES 

Tab le 9-8 defines the priorities that will be applied to simultaneous interrupt requests occurring at pins INO - 
IN7. This table also indicates the exact memory addresses which will be created by the MC6828 in response to 
each of the interrupt requests. In order to use the MC6828 PIC in an MC6800 microcomputer system, 16 bytes of 
PROM or ROM, selected by the addresses given in Table 9-8 must be connected to the MC6828. Within these 16 bytes 
of PROM or ROM, you must store the starting addresses for the eight interrupt service routines which are going to be 
executed following acknowledgement of each possible external interrupt request. For example, suppose that interrupt 
requests arriving at the IN5 pin of the MC6828 must be serviced by an interrupt service routine whose first executable 
instruction is stored in memory location 2E00i 0. The value 2E00i 0 must then be stored in the two PROM or ROM bytes 
selected by memory addresses FFF2-10 and FFF3-10. Remember, the high-order byte of an address is always stored at 
the lower address. Thus 2Ei0 will be storec^ in memory location FFF2i0 while OO-|0 is stored in memory location 
FFF310. 

In simple configurations the 1 6 bytes of PROM or ROM selected by the MC6828 will be part of the MC6800 address 
space; the MC6828 simply sits on the Address Bus. Logic may be illustrated as follows: 



A4 

At 


Chip select logic generates CSO as the NAND of address lines A5 through A1 5; thus, the MC6828 will be selected only 
when these address, lines are all high. VMA is used to generate select line CS1. Since VMA is high only while a valid 
memory address is being output, valid select logic is completed. Address lines A4 through A1 physically terminate at 
the MC6828, which re-generates them via the Z4 through Z1 outputs. Z4 through Z1 will exactly reflect A4 through 
A1 , unless the MC6828 is selected and A4 through A1 is 1 100. Thus, the presence of the MC6828 will add a slight pro- 
pagation delay on the Address Bus, but otherwise it will have no effect on addresses being transmitted until FFF81 0 or 
FFF9i0 appear. 
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It is also possible to move the MC6828 PIC out of the main Address Bus path, in which case its 1 6 bytes of PROM 
or ROM'are not within the main microcomputer address space. This scheme may be illustrated as follows: 



) MC6800 
SYSTEM 
BUS 



SEPARATE 

ROM 

ENABLE 

AND 

ADDRESS 

LOGIC 


In the above scheme it is only necessary that m emory addresses FFF 810 and FFFi s be reserved for the MC6828 PIC/ 
This is bepause A4, A3, A2 and A1 contribute to CSO logic; they must be 1 100 for CSO to be low. CS1 is generated by 
the high' VM A pulse. Address Bus lines A1, A2. A3 and A4 now branch to form a new five-line Address Bus — AO with 
Z1 throijgh'Z4. This five-line Address Bus is input to a separate ROM or PROM which is enabled by the same logic that 
enables 'ithe‘MC6828. 
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If you move the MC6828 PIC out of the main Address Bus. then you can have more than one MC6828 device within a 
single MC6800 microcomputer system. Each MC6828 device must have its own 32 byte^ of PROM or ROM, and device 
priority must be established by conditioning lower priority MC6828 select logic with higher priority interrupt request 
logic. This may be illustrated as follows: 



Highest priority 
MC6828 


Second highest 
priority MC6828 


Any one interrupt request being true at a higher priority MC6828 PIC will suppress the high VMA pulse and automat- 
ically prevent a lower priority MC6828 PIC from being selected. 

INTERRUPT INHIBIT LOGIC 

The Mp6828 provides a very elementary level of interrupt inhibit logic. You can output a mask to the MC6828 
identifying a priority level below which all interrupts will be inhibited. 

Now the mask is written out to the MC6828 in a very unusual way. 

Recall that the MC6828 requires memory addresses FFE8-10 through FFFD-js to access PROM or ROM. Any attempt to 
write into these memory addresses will be ignored. The MC6828 takes advantage of this f act b y trapping attempts to 
write into memory locations FFE8-10 through FFF9-| 0. That is to say, when R/W is low while CSO is low and CS1 is high, 
the MC6828 considers itself selected, but it interprets the four address lines A1 , A2, A3, A4 as data, defining the mask 
level below which interrupts will be inhibited Table 9*9 defines the way in which the mask specified by address 
lines A1, A2, A3 and A4 will be interpreted. 
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Table 9-9. MC6828 Interrupt Masks — Their Creation and Interpretation 


Write anything 
to this address; 

and Address Bus 
lines A1 -A4 will 
have this value; 

Which will inhibit 
all interrupts, including 
and below; 

FFEO or FFE1 

FFE2 or FFE3 

FFE4 or FFE5 

FFE6 or FFE7 

FFE8 or FFE9 

FFEA or FFEB 

FFEC or FFED 

FFEE or FFEF 

FFFO through FFFF 

0000 

0001 

0010 

0011 

0100 

0101 

0110 . 

0111 

1000 through 1111 

All interrupts enabled 

INI 

IN2 

IN3 

IN4 

IN5 

IN6 

IN7 

All interrupts disabled 


THE MC6840 PROGRAMMABLE COUNTER/TIMER 

This is a programmable device which contains three sets of counter/timer logic. Each set of counter/timer logic 
can be programmed independently to perform a variety of time interval, pulse width measurement and signal 
generation operations. 

The MC6840 programmable counter/timer is described in this chapter rather than in Volume 3 because, like 
other 6800 support devices, it requires the enable clock signal as an input. 

The MC6840 is somewhat more versatile than the 8253 programmable counter/timer, which was first developed 
as an Intel 8080 support device; the 8253 counter/timer is described in Volume 3. Within an MC6800 or MCS6500 
microcomputer system, the 8253 is probably preferable to the MC6840; this is because capabilities of the MC6840 are 
not sufficiently superior to the 8253 to compensate for the enable clock signal and its attendant synchronization prob- 
lems- 

The MC6840 is fabricated using N-channej silicon gate depletion load technology; it is packaged as a 28-pin DIP. 

THE MC6840 COUNTER/TIMER PINS AND SIGNALS 

MC6840 counter/timer pins and signals are illustrated in Figure 9-30. These pins and signals are described in 
conjunction with a general discussiqn of the MC6840 organization logic and capabilities. 

Each of the three sets of timer logic has a 16-bit Counter, a 16-bit Latch and three control signals, illustrated as 
follows; 
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PIN NAME 

DESCRIPTION 

TYPE 

DO - D7 

Data Bus 

Tristate, bidirectional 

Cl 

Timer 1 clock 

Input 

01 

Timer 1 output 

Output 

G1 

Timer 1 gate 

Input 

C2 

Timer 2 clock 

Input 

02 

Timer 2 output 

Output 

G2 

Timer 2 gate 

Input 

C3 

Timer 3 clock 

Input 

03 

Timer 3 output 

Output 

G3 

Timer 3 gate 

Input 

RSO, RSI, RS2 

Register select 

Input 

CSO, CS1 

Chip select 

Input 

R/W 

Read /Write control 

Input 

RESET 

System reset 

Input 

IRQ 

Interrupt request 

Output 

02 (E) 

Clock input 

Input 

Vcc- Vss 

Power and Ground 



Figure 9-30. MC6840 Counter/Timer Signals and Pin Assignments 


When any counter or timer operation is initialized, the 16-bit Latch contents are loaded 
into the associated 16-bit Counter. The Counter is then decremented either on high-to-low 
transitions of the external clock signal (C). or on high-to-low transitions of the internal 4»2 
clock signal; selecting one or the other is a programmable option. This rnay be illustrated as 
follows: 

Initialize 


02 or C 

^ 1 

T / 

' L 

■ 

♦ 

XXXX 

♦ 

XXXX-1 

4 

XXXX-2 


from 

in 

in 


Latch 

to Counter 

Counter 

Counter 


MC6840 

COUNTER/TIMER 

INITIALIZATION 


J \_ 

♦ 

XXXX-3 

in 

Counter 


XXXX represents any initial 16-bit value. 


If the external clock signal is used to decrement the counter/timer, then it is being used as an event counter; if 
the internal synchronization clock is used to decrement the counter/timer, then it is being used as a timer. 

The external signals C and G are sampled on the trailing edge of 02. This has important synchronization conse- 
quences. 
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Timing for external clock signal C or G may be illustrated as follows: 


MC6840 

EXTERNAL 

SIGjMAL 

TII\)llNG 


4)2 (E) 


/ 


I 

I 


\ 



I 

I 


\ 


I I 



of machine cycle. 


Thus, external clock signal frequencies may vary from 0 (DC) to somewhere less than half of the internal <t>2 clock fre- 
quency. 

It is very important that external signal timing conform to the illustration above. If insufficient setup time is pro- 
vided, MC6840 logic will possibly recognize the initial high-to-low signal transition twice: once assuming that the 
setup time just made it. and again assuming that it did not;* this may be illustrated as follows:- 


1 1 

( 1 

*2(0 1 ■ \ 1 T \ 


1 

1 


C or G 

~\ 



r 1 C or G V_ detected 

here or here 



A similar problem may occur on the trailing edge of the external signal. This may result in clock pulses being missed. 
This may be illustrated as follows: 
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Any transition of the C or G input signals is not recognized by internal MC6840 logic for four <&2 clock periods. 

This may be illustrated as follows: 



One point can cause confusion when you are using the external clock (C) to decrement the counter/timer: it wiH still 
take four internal clock pulses (02) to recognize each external clock pulse, as illustrated above. A common mistake, 
when using this part, is to assume that internal clock recognition is simply delayed four clock pulses; the delay is four 
internal clock pulses. 

The only significance of this delay is that there is indeed a delay. This delay has no effect on external clock signal fre- 
quency or timing. 


The gate input (G) is used variously to initiate or suspend timer operations. 

Timer results can be output via the output signal 0. A variety of continuous or one-shot wave forms may be generated 
via the 0 output signals. M' ' > ’ 

The programmer accesses an MC6840 counter/timer as eight contiguous memory locations. A memory location is 
selected via two chip select inputs (CSO and CS1) plus three register select inputs (RSO, RSI and RS2). 

As is standard for MC6800 support devices, chip select logic should be conditioned by the valid memory address 
(VMA) signal. Device select and addressing logic may be illustrated as follows: 


VMA 


-O-CSI 


At 5 — ; . 

A3 ^ 


Select 

Logic 


CSO 



■©►RS2 

■f>-RS1 

-^RSO 


Signals output 
by the MCBSOO 
CPU 


Signals input to 
the MC6840 
Counter/Tinner 


Once the MC6840 has been selected, the level of the R/W signal determines whether a read (R/W high) or a write 
(R/W low) operation is to occur. If RAV is low, the CPU will write into the selected MC6840 location; if R/W is high, 
the contents of the selected MC6840 location will be read. 

Any data transferred to or from the MC6840 is transferred via the Data Bus. The MC6840 Data Bus connection is 
three-state; when a read or a write operation is not in progress, the MC6840 disconnects itself from the Data Bus. 

The MC6840 is reset by applying a low input signal to the RESET pin. Necessary reset tim- iMC6840 RESET | 
ing may be illustrated as follows: 
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RESET signal timing requirements are the same as the C and G requirements which we just described. The RESET is 
recognized by internal logic two clock pulses after a low level is detected. 

Following a valid reset, all Latches are loaded with the value FF-ig, and this value is transferred to the Counter registers. 
All Control registers are reset to 0, with the exception of Control Register 1 bit 0, which is set to 1. This is a system in- 
itialization bit which we will describe later. The Status register is also cleared. Thus, following a reset, those program- 
mable options which are selected by 0 bits in the Control registers will be enabled, 

MC6840 ADDRESSING 

Addressable locations within the MC6840 are all read-only or write-only locations. Table 9-10 identifies MC6840 ad- 
dressable locations. 


Table 9-10. MC6840 Addressable Locations 



Register Selected 


Operations 

RS2 

RSI 

RSO 

Label 

Address 

R/W=0 (Write) 

R/W=1 (Read) 

0 

0 

0 

DEV 

Write to Control Register 3 
if Control Register 2, bit 0 is 0 
Write to Control Register 1 
if Control Register 2, bit 0 is 1 

No operation 

0 

0 

1 

DEV-t- 1 

Write to Control Register 2 

Read Status register 

0 

1 

0 

DEV + 2 

Write to MSB register 

Read Counter Register 1 

0 

1 

1 

DEV + 3 

Write to Latches 1 

Read LSB register 

1 

0 

0 

DEV + 4 

Write to MSB register 

Read Counter Register 2 

1 

0 

1 

DEV + 5 

Write to Latches 2 

Read LSB register 

1 

1 

0 

DEV + 6 

Write to MSB register 

Read Counter Register 3 

1 

1 

1 

DEV + 7 

Write to Latches 3 

Read LSB register 


There are some nonobvious aspects to MC6840 addressing. We will first look at write addresses. 

If we number the three counter/timer logic elements 1 . 2 and 3. counter/timer logic element 2 has a unique write-only 
address for its Cpntrol register. (It is address DEV+1). Counter/timer elements 1 and 3 share a single write-only address 
(DEV). .The level of Control register 2 bit 0 determines whether Control Register 1 or 3 will be selected by address DEV. 
This may be illustrated as follows: 

7 6 5 4 3 2 1 0 Bit No. 



Register 2 


Register 3 

Register 1 
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Following a device reset. Control Register 2, bit 0 will be 0. Therefore, initially Control Register 3 will be selected by ad- 
dress DEV. Thus, you will normally access Control registers in the sequence 3, 2, 1, as follows; 

1) Select address DEV, access Control Register 3. 

2) Select address DEV-fl, access Control Register 2. Set Control Register 2, bit 0 to 1. 

3) Select address DEV. access Control Register 1 . 

Three write addresses select an "MSB" register. All three write addresses select the same temporary "Most Significant 
Byte" buffer. This buffer allows 16 data bits to be written into any one of the three 16-bit latches when a single 8-bit 
write is executed. This may be illustrated as follows; 


-Bit No. 


MSB buffer 


Latches 1 


Latches 2 


Latches 3 




-T Write Address 

DEV + 2, DEV + 4, DEV + 6 








15 


8 

7 


0 

MSB 

LSB 

15 


8 

7 


0 

MSB 

LSB 

15 


8 

7 


0 

MSB 

LSB 


Bit No. 


^ , Write . 

\l ‘DEV + 


Write Address 
3 


• Bit No. 


T Write . 

s DEV-t- 


Write Address 
5 


Bit No. 


Address 


MSB means Most Significant Byte 
LSB means Least Significant Byte 
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The Most Significant Byte (MSB) buffer allows the MC6840 to be accessed by MC6800 16-bit write instructions. You 
can, for example, use an STX or STS instruction to transfer the contents of the Index register or the Stack Pointer to the 
selected MC6840 location. There are three MC6840 locations which can receive a 16-bit data value; they are the three 
counter/timer latches illustrated above as Latches 1, Latches 2 and Latches 3, You address these counter/timer latches 
via their associated Most Significant Byte buffer address. Now when you output a 1 6-bit value (for example, from the 
Index register), first the high-order byte is transferred to the Most Significant Byte (MSB) buffer. For Latches 2 this may 
be illustrated as follows: 
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Then the low-order byte is transferred to the low-order byte of the addressed counter/timer latches, while 
simultaneously the Most Significant Byte (MSB) buffer contents are transferred to the high-order byte of the addressed 
counter/timer latches. This may be illustrated as follows: 
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You can, of course, access counter/timer latches using single byte instructions. You could, for example, transfer a 1 6- 
bit value one byte at a time from Accumulator A, via the following instruction sequence: 

LDA A,#HI LOAD ADDRESS HIGH-ORDER BYTE AS IMMEDIATE DATA ■ 

STA A,DEV-t-4 STORE IN MSB BUFFER 

LDA A,#LO LOAD ADDRESS LOW-ORDER BYTE AS IMMEDIATE DATA 

STA A,DEV+5 WRITE 1 1 DATA BITS TO LATCHES 2 

This instruction sequence may be illustrated as follows; 
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0 



9 - 8 : 





7 


0 



As illustrated by the instruction sequence above, you must first transfer the high-order byte of data to the Most Signifi- 
cant Byte (MSB) buffer, then you must transfer the low-order byte of data to the timer/counter Latches address: when 
you write to the timer/counter Latches address, the data moves into the low-order byte of the timer/counter Latches, 
while simultaneously the Most Significant Byte buffer contents are transferred to the high-order byte of the 
timer/counter Latches. 

There are seven read-only locations within the MC6840. 

Address DEV does not select any read-only location. 

Address DEV-fl reads the contents of a Status register; this register records time out and interrupt request status for 
the three sets of counter/timer logic. The Status register is described later. 
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The remaining six read-only addresses are used to read the contents of the counter/timer counters in a manner that is 
analogous to the way in which you write into the counter/timer latches. This may be illustrated as folloyvs; 



LSB Buffer 


Counter 1 


Counter 2 


Counter 3 
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The three addresses which select the Least Significant Byte (LSB) buffer once again address the same location. Con- 
sider the LDX instruction which loads a 16-bit data value into the CPU Index register. When this instruction addresses 
an MC6840 counter/timer, you first read a Countpr regi^lgi' high-order byte into the Index register high-order byte 
while simultaneously transferring the Counter register lovv-order byte into the Least Significant Byte (LSB) buffer. For 
Counter 2 this may be illustrated as follows; 


15 


8 7 


0 



LSB Buffer 


Counter 1 


Counter 2 


Counter 3 
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The Least Significant Byte (LSB) buffer contents are then transferred to the low-order Index register byte: 




15 8 7 0 



LSB Buffer 


Counter 1 


Counter 2 


Counter 3 


You can, of.course, read Counter register contents one byte at a time, but you must make sure that you read the high- 
order byte first by addressing the counter itself: . then you must read the low-order byte by addressing the next ad- 
dressable location. This may be illustrated for Counter 2 by the following instruction sequence; 

LDA A,DEV-l-4 LOAD CbUNTER HIGH-dRDER BYTE TO ACCUMULATOR A 

LDA B,DEV-t-5 LOAD COUNTER LOW-ORDER BYTE TO ACCUMULATOR B 

There are some ways of getting into trolibie when accessing the MC6840. 

As illustrated for Counter read and Latch write operations, when reading or writing to the MC6840 you must first select 
an even address location, and then address the next sequential Idbation. If you write first to ah odd address, you will 
transfer into the selected latches eight bits of data plus whatever happens to be in the Most Significant Byte buffer. 

If you read first from an odd address, you will read whatever happens to be in the Least Significani Byte (LSB) buffer. 
You must never access the MC6840 with an instruction that modifies the contents of a memory location; these instruc- 
tions read the conterits of the addressed memory location to the CPU, modify its contents, and then write the contents 
back to the same addressed memory location. For an increment memory instruction:. 

INC bEV+4 


9-91 




this may be illustrated as follows: 
Step 1 


MSB Buffer 


LSB Buffer 


Latches 1 


Counter 1 


Latches 2 


Counter 2 


Latches 3 


Counter 3 


to CPU and 
increment 
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Step 2 


Incremented 
value from 
CPU 
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As illustrated above, the same address accesses different MC6840 locations on a read or write; you will read the con- 
tents of one location, modify them, and write them back to a totally different location. Therefore, when accessing the 
MG6840 under program control, you must be sure not to use instructions that modify memory; use only instructions 
that read from memory or write to memory. 

MC6840 COUNTER/TIMER PROGRAMMABLE OPTIONS 

We will begin our discussion of the MC6840 counter/timer options by describing the Control code which must 
be written into each Control register. Subsequently, the various operating modes will be discussed along with 
appropriate examples. 

This is the general format for the Control code: 

7 6 5 4 3 2 1 0 Bit No 

Control Register 


Control Register 1 - 0 No operation 

1 Initialize all counter/timers 

Control Register 2-0 Write address 0 selects Control Register 3 
1 Write address 0 selects Control Register 1 
Control Register 3 - 0 No operation 

1 Select -r8 prescalar for Counter/Timer 3 

0 - Select external clock 

1 - Select internal 4>2 clock 

0 - Select 16-bit counting mode 

1 - Select 8-bit counting mode 

0 - Continuous or Single-shot mode 

0 - With programmed start 

1 - Without programmed start 

0 - Select Continuous mode 

1 - Select Single-shot mode 

01 - Frequency Comparison mode 
1 1 - Pulse width Comparison mode 

0 - Interrupt or Gate pulse shorter 

1 - Interrupt on time out shorter 

0 - Disable interrupts 

1 - Enable interrupts 

0 - Disable Output signal 

1 - Enable Output signal 

Bits 0 of the three Control registers are unusual in that they have different interpretations for the three Control registers. 

Control Register 1, bit 0 is a system initialization bit. System initialization is identical to a 
system reset, with the exception that latches are not effective. Thus, as soon as a 1 is written 
to Control Register 1, bit 0, all three counter/timers are stopped, the contents of all three 
Latches are transferred to their associated Counter registers, the Status register is cleared, and 
all Control register bits (with the exception of Control Register 1 bit 0) are reset to 0. 

Control Register 2, bit 0 is an addressing bit. When this bit is 0, a write to the lowest MC6840 address (DEV) will access 
Control Register 3; when this bit is 1 , a write to address DEV will select Control Register 1 . This was graphically illustr- 
ated in our earlier discussion of MC6840 addressing. 


MC6840 

PROGRAMMED 

INITIALIZATION 
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Control Register 3, bit 0 is unique to counter/timer 3. When this bit is 1 , every eighth clock pulse 
will be active at counter/timer 3. This may be illustrated as follows: 


MC6840 
DIVIDE-BY- 
EIGHT CLOCK 


Actual 02 or C 


Effective 02 or C 


I I I I I I III I II 11 I I 



I I I ' ' • I ' I I I ' ' ' I 

|1i2<3'4' 5l6i7'8|1l2|3l4l5|6' 7 


Control register bits 1 through 7 serve identical functions, but apply only to one set of counter/timer logic. 
Each of the three counter/timer logic elements operates quite independently, and is in no way influenced by 
conditions at either of the other counter/timer elements. 

Control register bit 1 determines whether Counter register contents will be decremented by external clock sig- 
nal (C) transitions, or by the internal <I>2 clock. In either case the counter will be decremented on high-to-low clock 
transitions. 

Control register bit 2 determines the way in which the Counter register will decrement. 

There are two options: 16-bit counting mode and 8-bit counting mode. In 16-bit counting 
mode, the 16-bit counter contents are treated as a single 16-bit entity. Once an initial value has 
been loaded into the counter, it decrements on each active clock transition. When the clock 
decrements to 0, a time out occurs. This may be illustrated as follows; 


MC6840 

16-BIT 

COUNTING 

MODE 


4>2 or C 


onjA-. 

11 


._ruvmAA/\_. 

I II 


I 


f 

Initialize. 
Load latches 
contents into 
Counter 


Decrement Counter 
on each clock 
pulse 


Decrement Counter on 
each clock pulse. This 
may occur automatically, 
or following another initialization 


Counter 
decrements 
to 0 


Reload 
Counter 
with Latches 
contents 


This is a time out 


There are a variety of ways in which you initialize a counter/timer. These are programmable options which depend on 
the selected operating mode — which we will describe later. 


A time out occurs after a Counter register decrements to 0. On the next clock pulse the Counter register is reloaded 
with the contents of the latches. Under program control you can determine whether a time out will be marked by an in- 
terrupt request, and whether the counter/timer will stop or run continuously. 
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In 8-bit counting mode the high-order and low-order bytes of the counter are treated as separate 
entities. On each active clock transition the low-order counter byte is decremented; when the low- 
order byte decrements from 1 to 0, nothing happens. On the next active transition of the clock, 
the low-order byte is reloaded from the low-order byte of the latch and the high-order byte is 
decremented. This may be illustrated as follows: 


MC6840 

8-BIT 

COUNTING 

MODE 


$2 or C' 


jm/m. 


Initialize. Load 
latches contents 
into Counter. 


AA/LTL 

i 


I i I I 


Decrement Counter low- 
order byte on each clock 
pulse 

Counter low-order byte 
decrements to 0 


Decrement Counter high- 
order byte and re-load 
Counter low-order byte from 
latch 


/mn/in... 


I i 


Decrement Counter low- 
order byte on each clock 
pulse 

. Counter low-order byte 
decrements to 0 


Counter high-order byte 
decrements to 0 last time 
and now contains 0. Reload 
both Counter bytes from 
latches 


This is a time out 


Initialization logic, time out logic and programmable options are identical in 16-bit and 8-bit modes. What differs are 
the events between initialization and time out. 

We can contrast 8-bit and 1 6-bit modes decrement logic by looking at what happens after an initial value of 040Ai q 
has been loaded into a counter/timer latch. In 1 6-bit mode a time out will occur after 1 01 1 -| q clock pulses. Assuming a 
1 microsecond clock, a time out will occur every 1.01 1 milliseconds: 

O 4 OAi 0 = lOIOio 

Time out occurs one clock pulse later, that is. after 101 Ifo pulses 
101 1 10 rni.croseconds = 1.01 1 milliseconds 

In 8-bit mode a time out will occur after 55 clock pulses. With reference to the 8-bit mode illustrated above, let us see 
how we derive this value. 


The low-order Counter register byte contains 0Ai6. which is equal to IOiq- It takes IOiq clock pulses to decrement 
the low-order byte to 0. On the 11th clock pulse the high-order byte is decremented, while the low-order byte is 
reloaded from the low-order byte of the latches. The high-order byte is therefore decremented once every N-l-1 clock 
pulses, where N is the initial value which is loaded into the Counter register low-order byte. 

The Counter register high-order byte decrements to 0. On the next attempt to decrement the Counter register high- 
order byte, if it already contains 0, a time out occurs. Thus, the Counter register high-order byte is decremented M-l-1 
times, where M is the initial Counter register high-order byte contents. Thus, you can compute the number of clock 
pulses until a time out occurs in 8-bit mode via the following equation: 

. (M-l-l) • (N-l-1) 

where M is the initial Counter register high-order byte contents and N is the initial Counter register low-order byte con- 
tents. ' : ■ 

For each counter/timer you can seloct one of eight operating methods via Control registers bits 3, 4 and 5. 
For any MC6840 operating mode, interrupts and/or the output signal (O) may or may not be enabled. 

If interrupts have been enabled (via Control register bit 6), then on every time out (and for certain 
other special conditions) an interrupt request will be made to the CPU by outputting a low IRQ sig- 
nal. Simultaneously, appropriate Status flags are set in a Status register. If in terru pts are disabled, 
the Status register bit settings occur, but no interrupt request is output via IRQ. 


MC6840 

INTERRUPT 

ENABLE 
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If the output signal (0) is enabled, then during Continuous and Single Shot operating modes an 
output signal is generated. The output signal (0) is not used in frequency comparison and pulse 
width comparison operating modes. 

The Status register of the MC6840 reports time outs and interrupt request status. Status 
register bits are interpreted as follows: 


7 6 5 4 3 2 


-Bit No. 



Status Register 

Counter/Timer 1 
Counter/Timer 2 
Counter/Timer 3 
Not Assigned 
1 - Active interrupt pending 
0 - No active interrupt pending 


1 = Interrupt or time 
out condition 
0 = No interrupt or 
time out condition 


MC6840 

OUTPUT 

SIGNAL 

ENABLE 

STATUS 

REGISTER 


The MC6840 Status register is a read-only location accessed via the address DEV-M, as shown in Table 9-10. 

There are some nonobvious consequences of Status register organization. We will therefore describe the in- 
dividual Status register bits and then the way in which they should be used. 

Status register bits 0. 1 and 2 will be set to 1 if an interrupt condition exists at counter/timer 1, 2 or 3, respec- 
tively. This will occur whether or not interrupts have been enabled. For example, if a time out occurs at counter/timer 
2, then Status register bit 1 will be set, irrespective of whether counter/timer 2 interrupts have or have not been 
enabled via Control Register 2, bit 6. Thus, Status register bits 0, 1 and 2 do not report an interrupt pending from a 
counter/timer; rather, they report the existence of a condition capable of generating an interrupt request. Status 
register bit 7 indicates the presence of a valid interrupt request. Status register bit 7 will be set to 1 if a valid inter- 
rupt request has been generated by one or more of the counter/timers. That is to say, if Status register bit 0, 1 or 2 hf.o 
been set to 1 while the associated Control register bit 6 is 1, then Status register bit 7 will be set to 1. This may be il- 
lustrated via the following logical equation; 

S7, = (SO . C16) -F (SI • C26) + (S2 . C36) 

In the equation above, SO, SI, S2 and S7 represent Status register bits 0, 1, 2 and 7, respectively. Cl 6, C26 and C36 
represent bit 6 of Control Registers 1, 2 and 3, respectively. • and -F signs represent logical AND and OR operations, 
respectively. 

Now, in an MC6800 microcomputer system that is using vectored interrupt acknowledge logic. Status register bit 7 is 
useless. This is because the vectoring logic associated with the interrupt acknowledge allows the executing program to 
branch directly to an interrupt service routine dedicated to this particular MC6840 device. For example, in an MC6800 
microcomputer system that includes an MC6828 Priority Interrupt Controller (PIC), the interrupt request line from the 
MC6840 would terminate at one of the MC6828 interrupt request pins: the MC6840 interrupt service routine's start 
address would be fetched by the MC6828 PIC following an interrupt acknowledge. 

Upon acknowledging the interrupt request, the MC6800 knows that this particular MC6840's interrupt has been 
acknowledged: therefore the high-order Status register bit contains no useful information. In MC6800 microcomputer 
systems that use polling logic following an interrupt acknowledge, the interrupt acknowledge process will begin with a 
general purpose interrupt service routine that reads the contents of every device Status register — checking for devices 
with an active interrupt request. Now Status register bit 7 of the MC6840 is useful. The initial general purpose interrupt 
service routine will read the contents of the MC6840 Status register and check bit 7. If this bit is 1 , then an active inter- 
rupt request exists. Here is an appropriate instruction sequence: 


LDA 

BIT 

BNE 

LDA 


A.DEV-F1 READ STATUS REGISTER 

A,#80H TEST HIGH-ORDER BIT 

MC6840 IF NOT 0. BRANCH TO SERVICE ROUTINE 

A,NEXT READ NEXT DEVICE'S STATUS REGISTER 


You cannot use the MC6800 Status register to create interrupt request priorities within the MC6840. One or 

more counter/timer interrupts must be enabled via the Control register bit 6 for an interrupt request to be generated, 
but if more than one counter/timer can generate an interrupt request, you have no way of determining which 
counter/timer generated the interrupt request Suppose, for example, that only counter/timer 1 has its interrupt re- 
quest logic enabled via Control Register 1 , bit 6. Now if a time out (or other condition capable of generating an interrupt 
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request) occurs at counter/timer 2, and then at counter/timer 3. and then at counter/timer 1 , this is how Status register 
bits will be set: 


An interrupt request is generated only after counter/timer 1 encounters an interrupt condition, but there is no way of 
reading the Status register in order to find out what happened. All the Status register says is that all three 
counter/timers have active interrupt conditions and at least one of them has its interrupt request logic enabled. Pro- 
gram logic within the interrupt service routine must therefore take care of arbitrating priorities between the three 
counter/timer elements of an MC6840 counter/timer. Therefore, use the MC6840 interrupt enable/disable logic to 
select the counter/timers that can cause an interrupt request to occur, but make sure that your MC6840 inter- 
rupt service routine uses program logic to arbitrate interrupt priorities between the three counter/timer ele- 
ments. 

Status register bits are reset to 0 by a reset operation (RESET is input low) or by a general initialization (Control Register 
1 bit 0 is 1). Logic that resets individual Status register bits has been carefully designed to avoid missing interrupt re- 
quests. In order to reset Status register bit 0, 1 or 2 to 0. you must read the Status register and then read the particular 
counter/timer's Counter register. This may be illustrated for counter/timef 2 as follows: 

LDA A.DEV-fl READ STATUS REGISTER CONTENTS 

LDX DEV-f4 READ COUNTER 2 CONTENTS AND RESET STATUS REGISTER BIT 1 TO 0 

By reading the contents of one particular Counter register, you also identify the Status register bit to be reset. If all 
Status register bits were reset when you read Status register contents, you might miss pending interrupts that you are 
not currently processing. 

You can also reset individual Status register bits by writing to a counter/timer’s counter latches, providing the 
counter/timer's Control register bit 4 is 0 — which results in the counter/timer being initialized when data is written to 
the counter/timer’s latches. 

Let us now look at each of the operating modes in turn. Options are defined by the Control register, whose bits 
we have already described. Table 9-11 provides an options summary. 

We will first examine Continuous mode. 
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Table 9-11. A Summary of MC6840 Options and Control Register Settings 


Mode 

Options 

Control Code Options 

Special Conditions 

Counter 

Initialize 

Output 

Interrupts 

Clock 

16-Bit 

8-Bit 

Gl -hR 

G 1 -t- W -h R 

Enabled 

Disabled 

Enabled 

. Disabled 

Internal 

External 

Continuous 

XXOXOOXX 

XX0X01XX 

XX010XXX 

XXOOOXXX 

1X0X0XXX. 

oxoxoxxx 

i;xioxoxxx 

XOOXOXXX 

XX0X0X1X 

XXOXOXOX 

8-bit counter with L=0 generates 16- 
bit waveform. N=0 generates square, 
wave output with half clock frequency 

One Shot 

XX1X00XX 

XX1X0TXX 

XX110XXX 

■ XX100XXX 

1X1X0XXX 

0X1X0XXX 

X11X0XXX 

X01X0XXX 

XX1X0X1X 

XX1XOXOX 

Land M=0 in 8-bit mode or N=0 in 16- 
bit mode disables output 

Frequency. 

Comparison. 

XXX010XX 

XXX011XX 

NA 

NA 

G pulse versus TO.- 

X1X01XXX 

X0X01XXX 

XXX01X1X 

XXX01X0X 

Output signal is not significant in these 
modes. W is always part of initialization 

G less 

G more 

XX001XXX 

• XX101XXX 

Piilse Width 
Comparison 

XXXI 10XX 

XXXI 11XX 

NA 

NA 

■ XX011XXX 

XX111XXX 

X1X11XXX 

X0X11XXX 

XXXI 1X1X 

XXXI 1X0X 


G 1 refers to \ on G input 
W refers to a write into counter/timer latches 

N is the 16-bit value written into counter/ timer latches; it has a high-order byte(M) and a low-order byte (L) 
’ NA means not applicable 






























Table 9-12. MC6844 DMAC Register Addresses 



Accessed Location 


Channel 0 Address register, high-order byte 
Channel 0 Address register, low-order byte 
Channel 0 Byte Count register, high-order byte 
Channel 0 Byte Count register, low-order byte 
Channel 1 Address register, high-order byte 
Channel 1 Address register, low-order byte 
Channel 1 Byte Count register, high-order byte 
Channel 1 Byte Count register, low-order byte 
Channel 2 Address register, high-order byte 
Channel 2 Address register, low-order byte 
Channel 2 Byte Count register, high-order byte 
Channel 2 Byte Count register, low-order byte 
Channel 3 Address register, high-order byte 
Channel 3 Address register, low-order byte 
Channel 3 Byte Count register, high-order byte 
Channel 3 Byte Count register, low-order byte 
Channel 0 Control register 
Channel 1 Control register 
Channel 2 Control register 
Channel 3 Control register 
Priority Control register 
Interrupt Control register 
Data Chain Control register 


In Continuous Operating mode with 16-bit counting, a time out will occur after N4-1 active MC6840 

clock transitions; recall that you may select the internal <1)2 clock. or the external clock (C): In each CONTINUOUS 

case the high-to-low transition of the selected clock is an active transition. If the output signal (0) MODE 

is disabled, then Continuous Operating mode with 1 6-bit counting simply generates a time out ev- 
ery N-(-1 active clock transition. This may be illustrated as follows: 


1 2 3 


N-1 N N-H 


ill 11 


Initialize. Load N into 
Counter register 


Decrement Counter 


If ipterru'pts are enabled for the cbunter/timer which times out. then the time out causes an interrupt request to be 
transmitted to the CPU and appropriate Status register bits are set. If interrupts are not enabled, then the appropriate 
Status-register bit is set, but no interrupt request is transmitted to the CPU. 
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In Continuous Operating mode with 16-bit counting, if the output signal (0) is enabled, then this signal will change 
level on each time out, thus creating a square wave. Here is the exact waveform; 


1 2 


N N+1 1 


N N+1 1 


N N + 1 1 


4>2 or C 




Irlitialize. 
Load N from 
latches into 
Counter 



....rum 


Time but Decrement 

and Counter 

initialize register 

again 


Time out 
and initialize 
again 


Decrement Time out 
Counter and 

register initialize 

again. 


If) Continuous mode, observe that following each time out the value held in the counter latches (N in the illustration 
above) is transferred to the Counter register. If the output signal 0 is enabled, therefore, the following square wave is 
generated: 



TO identifies a time out. P represents the tihne interval between time outs; it is equal to (N-i-1)*t where N is the initial 
16-bit value loaded Into the Counter register and t is the time interval between active transitions of the clock (<I>2 or C). 

In Continuous Operating mode with 8-bit counting, the interval to time out is (N-t-1) * (M+1) clock transitions, where 
M is the initial Counter register byte and N is the initial low-order Counter register byte. We have already described this 
time out logic. If the output signal (0) is disabled, then a time out will occur after the appropriate number of active clock 
transitions. When the time out occurs, an interrupt will be requested via IRQ if interrupts are enabled for this 
counter/timer by setting its Control register bit 6 to 1. Simultaneously, appropriate Status register bits will be set. If in- 
terrupts are disabled, then a Status register bit will be set. but rio interrupt request will occur. If the output signal (0) is 
enabled, then it generates pulses as follows: 


N N+1 N+2 N+3 S 5 S S 


<52 or C . 





-AAaa. 


Decrement Counter 


register 
low-order byte 


Decrement Counter 


Decrement Counter 


register in 8-bit 
mode 


register 
low-order byte 


Decrement 


Initialize. 
Load MN 
into Counter 
register 


Decrement 
Counter register 
high-order byte 
and reload 
low-order byte 
from latches 


Decrement 
Counter register 
high-order byte. 
It is 0. Reload - 
low-order byte 
from latches 


Counter 
register in 
Timeout. 8-bit mode 
Reload both 
bytes of Counter 
register from 
latches 
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Thus, in 8-bit counting mode you use the low-order Counter register byte to define the pulse width, and you use the 
high-order Counter register byte to define the interval between pulses. This may be illustrated as follows: 



r\. 


I 

I 



TO 


In the illustration above, TO identifies a time out .P represents the time interval between time outs. In 8-bit counting 
mode P is equal to (M-l-l) * (N+1) * t, where M is the initial value for the high-order byte of the Counter register, N is the 
initial value for the low-order byte of the Counter register, and t is the time interval between active transitions of the 
clock (02 of C), W represents the time interval of the high 0 pulse; it is equal to N * T. Suppose, for example, OAOC-| 5 is 
the initial value loaded into the Counter register which is being operated in 8-bit counting mode. 0 will generate a 
pulse output where the high pulse is 12io clock periods long and the frequency is 143-|o clock periods: 


I \ I L 

TO I TO I TO j TO 



There are some further options available to you when operating the MC6840 in Continuous mode. 

Having ioaded the counter latches by writing out data to the appropriate address, 
there are two ways in which you can initialize the counter. A high-to-low transition of 
the Gate (G) input will always start the counter: 


MC6840 HARDWARE 
INITIALIZATION 
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You can always initialize any counter/timer via its Gate input (G) as illustrated above. Once a counter/timer has been in- 
itialized via its Ga_te input (G), G must remain low. If G goes high at any time this will stop the counter/timer im- 
mediately. When G subsequently makes a high-to-low transition, the counter/timer will be re-initialized. This may be il- 
lustrated as follows: 



Counter lost 

Note carefully that the Gate signal (G) going high does not suspend counter/timer operations; it stops these operations, 
then restarts them with a re-initialization. 


You can also initialize a counter/timer under program control. Programmed initialization is an option, whereas hard- 
ware initialization via the Gate input (G) is always available, whether or not programrried initialization has been 
selected. You select programmed initialization via bit 4 of the counter/timer element’s Control register. 

If Control register bit 4 is 0, then the process of writing a 1 6-bit value to the counter/timer's latches will start the associ- 
ated counter/timer logic. That is to say, as soon as the 16-bit value has been written to the latches, this value is 
transferred to the 16-bit Counter register and the counter begins operation. 

When using counter/timer 3 only, you can select a "divide by 8" mode; this is done by set- 
ting Control Register 3, bit 0 to 1. Now every eighth active clock transition (of either the internal 
02 clock or the external clock) will be considered active, as illustrated earlier. All other options re- 
main available when operating counter/timer 3 in "divide-by-S" mode. The clock has effectively 
been slowed down by a factor of 8 — and that is all. 

When operating in Continuous mode with 8-bit counting, two special options that de- 
pend on the initial value loaded into the latches are available. If the low-order byte of the 
initial counter value is 0, then, as we might expect, there is no high output signal (0) pulse 
(assuming that the output signal is enabled): however, on each time out the output signal 
changes levels to create a square wave that is similar to a 1 6-bit counting. This may be illustr- 
ated as follows; 


MC6840 
CONTINUOUS 
8-BIT COUNTING 
SQUARE WAVE 
OPTION 


MC6840 
DIVIDE 
BY 8 MODE 




TO 


TO 


TO 


TO 


When operating in Continuous mode with either 8-bit or 16-bit counting, if the initial value loaded 
into the latches is 0, then Counter registers are not decremented and a square wave is output with 
half the clock frequency. This may be illustrated as follows: 


MC6840 
CONTINUOUS 
MODE WITH 
0 INITIAL 
VALUE 
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Time outs occur on every transition of 0. Since interrupts could not possibly be serviced every other clock pulse, they 
should be disabled (by having 0 in Control Registers 1 to 6) for any counter/timer element operating in the form illustr- 
ated above. 

Note again that in any operating mode, continuous or otherwise, when the external clock 
(C) is selected, you are In fact counting events, riot time. Although all of our illustrations show 
a synchronous clock signal with all active transitions evenly spaced, in reality active transitions 
could be quite random. This may be illustrated as fbllows: 

ri^^ri 


COUNT COUNT COUNT COUNT 

If random timing is present on the external clock (C). then wave forms, if output via the output signal (0). will not be 
uniform. This is something you may wish to use when counting external events. You could, for example, use con- 
tinuous operating mode with 8-bit counting to count a fixed numbef of events, but to signal shortly before this fixed 
number of events has occurred. 

Suppose you wish to count 1 00 events, with a signal identifying the 90th event. This could be done loading 0909-) 5 as 
the initial Counter register value: • 


TO TO 

' I 



The low-to-high 0 signal transition must now be used to generate an interrupt request. Time Out (TO) interrupt re- 
quests may or may not be disabled. 

Note again that the three sets of counter/timer logic are totally independent of each other. The manner in which 
you operate one set of counter/timer logic has no bearing whatsoever on the manner in which you operate 
either of the other two sets of counter/timer logic. 

The primary difference between one shot mode and continuous mode is that following the 
first time out the output signal (0), if enabled, is disabled. In single shot. 16-bit counting 
mode, the output signal (0) does not make its low-to-high transition until he end of the first clock 
pulse. This may be illustrated as follows: 

<I>2 or C 


0 


Initialize Time out Re-initialize Time out 

In single shot. 8-bit counting mode, the output Signal is simply disabled after the first time out. The counter/timer con- 
tinues to run and time outs continue to be generated, but the output signal (0) remains disabled until the counter/timer 
is re-initialized. 

Another difference between one shot mode and continuous mode is that in one shot mode you do not stop the 
counter/timer by inputting the Gate signal (G) high. Recall that ih continuous mode, if the counter/timer has been in- 
itialized by inputting a high-to-low Gate (G) pulse, you can stop the counter/timer at any time by inputting the Gate sig- 
nal (G) high again. This property of the G input applies only in continuous mode. 



MC6840 
ONE SHOT 
MODE 




MC6840 

EVENT 

COUNTING 
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Notice that the two special continuous mode conditions that result when the low-order Counter register byte is initially 
0 or the entire Counter register contents are initially 0 do not apply in one shot mode. This is because in continuous 
mode nothing happens to the output signal until the end of the first time out. at which time in one shot mode the out- 
put signal is disabled anyway. 


MC6840 frequency comparison and pulse width measurement modes are almost identical; 
they differ only in the active levels of the G input. The frequency comparison_and pulse width 
measurement modes both compare the time interval of a pulse. inpuj_via the G signal, with the 
time interval to a time out. In frequency comparison mode a high G pulse is measured. 

You can select frequency comparison mode with Gate pulse by having 001 in control register 
bits 5, 4, and 3 as described earlier: then an interrupt request will be generated if the G signal 
makes a high-to-low transition before a time out occurs. This may be illustrated as follows: 


MC6840 
FREQUENCY 
COMPARISON 
AND PULSE 
WIDTH 

MEASUREMENT 
MODE 5 



Initialize 

Time out. 

Re-initialize 

Request interrupt since time 


no interrupt 


out has not occurred 


As illustrated above, if the G signal makes its high-to-low transition after the time out occurs, 

@ then no interrupt is requested. 

The Counter register is reloaded from the latches and continues to decrement, but time outs do cause interrupt re- 
quests or Status register bit settings. Until the counter/timer is re-initialized by a high-to-low transition of the G input 
signal, it continues to run freely as though it w^e in continuous mode, but time outs lose their significance. Once the 
counter/timer is re-initialized by a high-to-low G transition, then frequency comparison logic begins again. 

If following an initialization or re-initialization the G input does make a high-to-low transition before a time out occurs, 
then an interrupt will be requested and the counter/timer logic is stopped; it cannot be re-initialized until the interrupt 
has been cleared. Clearing interrupts is described in conjunction with our discussion of the Status register. Once an in- 
terrupt has been cleared, then on the next high-to-low transition of the gate input, counter/timer logic will be re-in- 
itialized. 

In otjier words, between the time an interrupt request occurs and the interrupt is serviced, high-to-low transitions of 
the G input are ignored. 

Observe that you can select either 8-bit or 16-bit counting modes in order to generate time outs when operating the 
MC6840 in frequency comparison or pulse width measurement modes. 

You select frequency comparison mode with timeout shorter by loading 101 into bits 5, 4, and 3 of the Control 
register. Now an interrupt request will occur if the G input makes its high-to-low transition after the time out has oc- 
curred. We can compare the previous illustration for frequency comparison mode with Gate pulse shorter, using the il- 
lustration below for frequency comparison mode with time out shorter: 


Time out 



Initialize Request interrupt since time Re-initialize Gate high-to-low pulse pre- 

out precedes Gate high-to- cedes time out. No interrupt 

low pulse request occurred 
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Once again, if an interrupt occurs the counter/timer will stop. It cannot be restarted until the interrupt is cleared and 
the G input makes a high-to-low transition. 

Pulse width comparison modes are identical to frequency comparison modes, with the exception that once a 
counter/timer is operating, iow-to-high transitions of the gate input are active. The frequency comparison 
modes may therefore be reproduced for pulse width comparison equivalents, as follows. 


First, here is pulse width comparison mode with Gate pulse shorter: 


Next, here is pulse width comparison mode with time out shorter; 




out precedes Gate high-to- cedes time out. No interrupt 

low pulse request 

Notice that in pulse wic^h comparison mode, ihitialization _and re-initializatioh require a high-to-low G transition, 
although the end of the G pulse is marked by a low-to-high G transition. 


THE l\/IC6844 DIRECT MEMORY ACCESS CONTROLLER 

The MC6844 Direct Memory Access controller provides MC6800-based microcomputer systems with logic to 
support four direct memory access channels. This device has been designed to work with the unique timing 
logic of MC6800 and MCS6500 microcomputer systems: it should therefore be used with MC6800 and 
MCS6500 microcomputer systems only. That is why the MC6844 is described in this chapter rather than in 
Volume 3. 

From our discussion of the MC6800 CPU, recall that this microprocessor allows its system clock to be stretched 
so that direct memory access operations may be intermingled with normal instruction execution. Alternatively, 
the MC6800 may be put into a Halt state during which the CPU disconnects itself from the system busses; ex- 
ternal logic then accesses memory by mimicking CPU signals on the Address, Data and Control Busses. Logic of 
the MC6844 DMA controller allows you to perform Direct Memory Access operations using either clock 
stretching or Halt state techniques. 

Two noteworthy features of the 8256 DMA controller, described in Chapter 4, are also available with the 
MC6844 DMA controller. These noteworthy features are: 

1) The ability to assign permanent priorities to the four DMA channels or to rotate priorities on a round-robin 
basis. 

2) By reducing the number of DMA channels to three, one DMA channel can be used for the recursive DMA 
transfer of fixed length or chained records. 

Figure 9-31 illustrates that part of our general microcomputer system logic which has been implemented on the 
MC6844 DMA controller device. 
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Figure 9-31, Logic of the MC6844 DMA Controller 


The MC6844 DMA controller chip is fabricated using N-channel silicon gate MOS technology. It is packaged as 
a 40-pin ceramic or plastic DIP. All signals are TTL-compatible. 

MC6844 DMA CONTROLLER PINS AND SIGNALS 

Figure 9-32 summarizes MC6844 DMA pins and signals. Many of these signals have MC6800 counterparts; 
therefore we will describe them within the context of a general MC6844 device discussion. 
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40 
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39 

3 


38 

4 


37 

5 


36 

6 


35 

7 


34 

8 


33 

9 


32 

10 

MC6844 

31 


DMA 



CONTROLLER 





13 


28 

14 


27 

15 


26 

16 


25 

17 


24 

18 


23 

19 


22 

20 


21 



PIN NAME 

DESCRIPTION 

TYPE 

DO - D7 

Bidirectional Data Bus 

Tristate, bidirectional 

AO - A4 

Four low-order Address Bus lines and Register Select lines 

Tristate, bidirectional 

A5 - A15 

Address Bus lines 

Output 

R/W 

Read /Write Control 

Bidirectional 

IRQ/DEND 

Interrupt request and end of DMA indicator 

Output 

DRQH 

DMA Hold Request 

Output 

DRQT 

DMA Clock Stretch Request 

Output 

DGRNT 

DMA Acknowledge 

Input 

CS/TxAKB 

Chip Select and Device Acknowledge 

Bidirectional 

TxAKA 

Device Acknowledge 

Output 

TxSTB 

DMA I/O Device Strobe 

Output 

TxRQO - TxR03 

DMA Service Request 

Input 

4>2DMA 

Clock Input 

Input 

RES 

System Reset 

Input 

VSS' Vdd 

Power and Ground 



Figure 9-32. MC6844 DMA Controller Signals and Pin Assignments 
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MC6844 ADDRESSABLE REGISTERS 


Logic associated with each DMA channel consists of a 1 6-bit Address register, a 1 6-bit Byte Count register and 
an 8-bit Control register. There are three additional registers which are shared by the four DMA channels. These 
are a Priority Control register, an Interrupt Control register and a Data Chain Definition register. These may be il- 
lustrated as follows: 


These three 
Control Registers 
apply to all four 
DMA channels 


8-bit Priority 
Control register 


8-bit Interrupt 
Control register 


8-bit Data Chain 
Definition register 



8- bit Control 
16-bit Byte Count 
16-bit Address 

8-bit Control 
16-bit Byte Count 
16-bit Address 

8-bit Control 
16-bit Byte Count 
16-bit Address 

8- bit Control 
16-bit Byte Count 
16-bit Address 


Channel 0 
Registers 


Channel 1 
Registers 


Channel 2 
Registers 


Channel 3 
Registers 


The transfer of any block of data via DMA begins with an initial memory address, byte count and DMA mode being 
specified via the registers illustrated above. As each byte of data is transferred, the method of data transfer is controlled 
by options selected via the Control register. The Address register identifies the memory location which will be accessed 
during the DMA transfer; Address register contents may either be incremented or decremented following each DMA 
transfer. The Byte Count register contents are always decremented following each data transfer, and the DMA opera- 
tion ends when the Byte Count register contents reach 0. 

The MC6844 DMA controller is accessed by the CPU under program control as 23 memory locations. Individual 
memory locations are selected via address iines AO - A4. as defined in Table 9-12. When writing into or reading 
out of 16-bit registers, you will usually use the LDX and STX instruction; that is to say, the most efficient method of 
transferring 16-bit data between the CPU and MC6844 DMA controller is via the CPU Index register. 

Note carefully that addresses given in Table 9-12 apply only when the CPU accesses the 
MC6844 DMAC under program control to initialize a DMA transfer or to monitor DMA 
operations. These memory addresses have no significance to actual DMA logic. Furthermore, the 
Data Bus connection to the MC6844 DMA controller plays no part during a DMA operation. Data 
is transferred between the CPU and the MC6844 DMAC via the Data Bus (DO - D7) only 
while the CPU is accessing MC6844 addressabie locations under program controi. Actual 
data transfers between an external device and memory occur via the microcomputer system Data Bus, completely 
bypassing the Data Bus connection to the MC6844 DMA device. However, during DMA data transfers, addresses and 
control signals are output from the MC6844 DMAC to the System Bus via the Address Bus lines AO - A1 5 and appropri- 
ate control signal outputs. This is standard DMA logic. If you do not understand these DMA operations, see the discus- 
sion of direct memory access given in Volume 1 before proceeding further with this description of the MC6844 DMAC 
device. 

The CPU may access the MC6844 DMAC under program control at any time by simply executing 
an instruction which references one of the 23 memory addresses set aside for the MC6844 DMAC 
device. The MC6844 DMAC is selected by a low CS pulse. This low pulse must be generated by 
appropriately decoding Address Bus lines A5 through A15, together with VMA. VMA must con- 
tribute to MC6844 device select logic to guarantee that spurious selections do not occur during a 
DMA transfer or while the Address Bus is floated. In this context it is important that only a VMA signal output by the 


MC6844 

DMAC 

DEVICE 

SELECT 


MC6844 DMAC 
DATA BUS 

MC6844 DMAC 
ADDRESS BUS 
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MC6800 CPU be used by MC6844 device select logic. During a DMA operation, the MC6844 DMAC generates its own 
VMA equivalent via TxSTB. TxSTB must be excluded from MC6844 device select logic. Here is one possibility: 

TxSTB 
VMA 

MC6844, SELECT 
CONTRIBUTION 

Depending on the number of active MC6844 DMA channels, CS may become a bidirectional signal; TxAKB is 
output via the same pin as the CS input. In this case remember that CS must be generated as an open collector 
gate output. 

We will discuss the individual MC6844 addressable locations and the way in which you will program them after 
describing MC6844 operating modes. 

MC6844 DMA TRANSFER MODES 

You can select, under program control, one of three modes via which DMA transfers will occur for each of the 
four MC6844 DMA channels. You can mix and match separate and distinct modes for each of the four channels 
in any way since each channel has its own Control register. 

We will begin our discussion of modes by looking at all three modes superficially before examining each one in detail. 

First there is Three-State Control, Cycle Stealing mode. In this mode the MC6800 CPU clock is stretched with ^>2 
low while the MC6844 device transfers a single byte of data via direct memory access. This may be illustrated as 
follows: 



\ . I , ,,, , 

Normal program execution j Transfer one j Normal program execution 

I byte of data . 

I via DMA j 

■| I . 

We have discussed clock Stretching logic of the MC6800 microcomputer earlier in this chapter. 

The second and third MC6844 DMA transfer modes both force the MC6800 CPU into a Halt state which floats 
the System Bus. The Halt state may last long enough for a single byte of data to be transferred via direct memory 
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access, in which case the mode is referred to as Halt, Steal mode. This may be illustrated as follows; 

I I 





I to transfer one 
I byte of data 

1 via DMA 


The Halt state may be maintained for as long as it takes to transfer an entire block of data; that is to say, until a chan- 
nel's Byte Count register decrements to 0. This is referred to as Halt Burst mode. 

MC6844 DMAC THREE-STATE CONTROL, CYCLE STEALING MODE 


Let us now look at the different DMA modes in detail beginning with the three-state control cycle stealing 
mode. Timing for this mode is given in Figure 9-33 and appropriate pin connections are given in Figure 9-34. 



Figure 9-33. Timing for Three State Control, Cycle Stealing Direct Memory Access with the MC6844 
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SYSTEM 
■ VMA 


DMA/REF REQ 
REF GRANT 

<P2 (TTL) 
MC6875 
CLOCK 


CS/TxAKB 


DRQT AO 

A4 

DGRNT 

A15 

<1)2 (DMA) DO 

MC6844 
DMAC 

IRQ/DEND 

TxAKA 

TxSTB 

TxRQO 

TxRQ3 


Figure 9-34. An MC6844 DMAC Connected for Three State Control. Cycle Stealing Direct Memory Access 


A DMA operation begins when an external device makes a DMA access request by inputting a |MC6844 DMAC 
high signal via one of the four inputs TxRQO through TxRQ3. This in put to the MC6844 DMAC TxRON, DQRT 

may be asynchronous. The MC6844 responds by outputting DRQT low. This low output must DGRNT SIGNALS 

be connected to the MC6875 clock CMA/REF REQ input. This connection causes the MC6875 MC6841 DMAC 

clock device to stretch the <1)1 and <1)2 clocks at the end of the next machine cycle — with <1)1 dma CLOCK 

high and <1)2 low. The onset of the stretched clocks is identified by the MC6875 device output- . ^ ^ 

ting REF GRANT high. This signal must be input to the MC6844 DGRNT pin. The DMA data 

transfer now occurs, taking three machine cycles to transfer one byte of data. Machine cycles are timed by <P2 DMA. 
which is the memory clock output of the MC6875 device. Recall that when the MC6875 clock device receives a low in- 
put via DMA/REF REQ it does not stretch the memory clock output. The MC6844 DMAC needs a 02 DMA input only 
while a DMA data transfer is in progress. 02 DMA is therefore frequently the AND of MEMORY CLOCK and REF 
GRANT: 

REF GRANT O -DGRNT 


MEMORY CLOCK • 
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As soon as clock stretching begins, the MC6800 CPU must float the System Bus. This may be done by inputting the 
REF GRANT signal to the MC6800 TSC pin as well as to the MC6844 DGRNT pin. Now REF GRANT input to TSC will 
cause the MC6800 CPU to float its Address Bus and three-state control signals. If DBE is connected to ‘52, as is usually 
the case, then the low ‘52 signal will automatically cause the MC6800 CPU to float the Data ^us. Now as soon as REF 
GRANT goes high, the MC6800 CPU is disconnected from the System Bus and the MC6844 DMAC can become bus 
master. 

The MC6844 DMAC takes control of the System Bus for three machine cycles, during which it 
transfers a single byte of data. The first and third machine cycles represent setup time. The actual 
DMA transfer occurs during the second machine cycle. For the memory end of the DMA transfer, 
the MC6844 DMAC outputs a memory address via the Address Bus. For the I/O device end of the 
DMA transfer, the DMAC identifies the direct memory access channel being acknowledged via 
the output signals TxAKA and TxAKB. as follows; 


MC6844 
DMAC 
txAKA AND 
TxAKB 
SIGNALS 


TxAKB 

TxAKA 

Acknowledged 

0 

0 

TxRQO 

0 

1 

TxRQI 

1 

0 

TxRQ2 

1 

1 

TxRQ3 


Timing for signals output by the MC6844 DMAC conform to normal MC6800 System Bus timing for a memory read or 
memory write operation. 


The low TxSTB pulse substitutes for VMA at the memory and. I/O device ends of the DMA transfer. 
The direction of the DMA transfer is defined by the level of the R/W signal; the interpretation of 
this signal conforms to normal memory read and write operations; 

R/W low causes data to flow from the I/O device to memory. 

R/W high causes data to flow from memory to the I/O device. 


MC6844 

DMAC 

TxSTB 

SIGNAL 


Data may flow freely across the Data Bus during the direct memory access operation, since both the MC6800 CPU and 
the MC6844 DMAC are disconnected from the Data Bus at this time. 


As each byte of data is transferred, the Byte Count register contents for the selected DMA channel 
are decremented; but the Address register contents may be either incremented or decremented, 
depending on the Control register o ption selec ted. When the Byte Count register contents decre- 
ment to 0, a low pulse is output via IRQ/DEND. This pulse can be used to generate an interrupt at 
the MC6800 CPU and/or it may be used to tell the external device that the current data transfer 
has gone to completion. 


MC6844 

DMA^ 

TRQ/DEND 

SIGNAL 


The interrupt request output IRQ/DEND will pulse low when the Byte Count register decrements to 0 only if interrupts 
have been enabled for this DMA channel via its Interrupt Control reg i ster. If interrupts have been enabled, it is a good 
idea to guard against spurious interrupt requests by conditioning IRQ/DEND with the DGRNT high pulse. The interrupt 
request input to the MC6800 CPU should be an open collector signal generated as follows; 


DGRNT 

IRQ/DEND 



IRQ 

(open collector) 


The DEND signal output to l/Q devices may be ANDed with REF GRANT or with TxSTB. An AND with TxSTB is illustr- 
ated in Figure 9-34. 

Assuming that the acknowledged DMA channel is transferring data at less than maximum speed, it must use the low 
TxSTB strobe to remove its TxRQN high request. If the channel keeps its TxRQN DMA request active, then the next 
DMA transfer will occur during the next machine cycle. Using Three-State Control, cycle stealing direct memory ac- 
cess, therefore, it is possible to transfer a byte of data during every machine cycle;. however, each machine cycle will 
have its length increased by three machine cycles. Thus, any executing program will be reduced to executing at one 
quarter of its normal execution speed. 

MC6844 DMAC HALT MODES 

The next DMA operating mode we are going to look at is the Halt Cycle Stealing mode. In this mode the CPU is 

halted for three machine cycles, during which a single byte of data is transferred. Timing is illustrated in Figure 9-35 
and appropriate pin connections are illustrated in Figure 9-36. 
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Figure 9-35. Timing for Halt. Cycle Stealing Direct Memory Access 
with the MC6844 


A DMA transfer is initiated by one of the four DMA request signals TxRO through TxR3 going high. 

These signals are sampled o n the r ising edge of 02. The MC6844 resp onds to a high DMA 
transfer request by outputting DRQH low. In the Halt. Cycle Stealing mode. DRQH must be input 
as the MC6800 CPU halt request. As explained earlier in this chapter, when a low input occurs at 
HALT, the MC6800 CPU completes executing its current instruction, then enters a Halt state. Dur^ 
ing the Halt state. VMA is output low while the Address and Data Busses, along with the R/W 
cont rol sign al, are floated. In Figure 9-35 the Halt state is shown beginning one full machine cycle 
after DRQH goes low. 

The MC6800 CPU indicates the onset of the Halt state by outputting BA high. This output 
becomes the DGRNT input to the MC6844. Once DGRNT goes high, the MC6844 assumes 
control of the System Bus. TxSTB is pulsed low as a substitute for the VMA signal. The address 
of the memory location to be accessed during the DMA transfer is output on the Address Bus 
along with the R/W. which indicates the direction of the DMA data transfer (as described for 
three-state control cycle stealing mode). The DMA channel being acknowledged is identified via the TxAKA and TxAKB 
signals, which are decoded as described earlier. 


MC6844 DMAC 
TxRO - TxR3 
SIGNALS 

MC68 44 DMAC 
DRQH SIGNAL 


MC6844 DMAC 
DGRNT, TxSTB, 
TxAKA AND 
TxAKB SIGNALS 
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The VMA signal used by the system must now be the OR of VMA and TxSTB. The external 
device whose DMA request has been acknowledged must detect the low TxSTB signal and use 
it to reset its DMA request. If the DMA request is still active after a single byte of data has been 
transferred via DMA, then a single instruction will be executed before the next byte of data is transferred via direct 
memory access. One instruction will be executed even if TxRQN remains high, because in Halt Cycle Stealing mode the 
MC6844 will return its DROH signal high as soon as a single byte of data has been transferred via direct memory ac- 
cess. This will free the CPU to execute another instruction, and while this new instruction is being executed the whole 
timing process illustrated in Figure 9-35 will begin again. 

When the Byte Count register contents decrement to 0, the IRQ/DEND signal will output low. As was the case for 
Three-State Control Cycle Stealing mode, this signal can be used to request an interrupt and/or to identify the end of a 
data transfer block to external logic. It is a good idea to condition interrupt requests and DEND outputs with TxSTB in 
order to avoid generating spurious signals. 

The third and last MC6844 DMA mode is the Halt Burst mode. This differs from Halt Cycle Stealing mode in that 
once a Halt condition has been initiated, it is maintained while data is transferred via direct memory access until the 
Byte Count register has decremented to 0. Thus, Halt Burst mode timing will differ from Figure 9-35 only in that DRQH 
will remain low until the channel's Byte Count register decrements to 0. This will happen irrespective of the level on the 
DMA request line TxRQN. Note that, as illustrated in Figure 9-35, one byte of data will be transferred via direct memory 
access in three machine cycles, even when operating in Halt Burst mode. Pin connections for Halt Burst mode are as il- 
lustrated in Figure 9-36. 


MC6844 DM AC 
[TxSTB SIGNAL 
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COMPARING MC6844 DMAC MODES 

You will use Three-State Control, Cycle Stealing mode when program execution time is critical but data transfer rates 
are not. 

You will use Halt, Cycle Stealing mode when data transfer rates are not critical, program execution time is important 
and you do not have an MC6875 clock device. 

You will use Halt Burst mode when data transfer rates are critical and program execution time is not. 

Table 9-13 summarizes maximum data transfer rates for the three modes. A /^sec machine cycle time is assumed. 


Table 9-13. MC6844 DMAC Modes' Response Times and Transfer Rates 


Mode 

Response Time 
ifisec) 

Maximum T ransfer Rate 

KHz 

TSC Steal 

2.5 to 3.5 

250 • 

Halt Steal 

3.5 to 15.5 

200 - 67 

Halt Burst 

2.5 to 3.5 

1000 


USING AN MC6844 DMAC WITH MIXED MODES 

if you are going to use Three-State Control and Halt modes with a single MC6844 DMAC device, the only 
special precaution needed is to generate DGRNT as the OR of BA and REF GRANT. 

The Three-State Control and Halt modes have separate DMA request lines, DRQT and DRQH, respectively; therefore no 
special logic is needed to handle DMA requests using mixed modes. 

THE MC6844 CONTROL REGISTERS AND OPERATING OPTIONS 

As summarized in Table 9-12, the MC6844 DMAC has a number of programmable Control registers, which are 
used to select the DMA transfer modes which we have already described, plus additional operating options. 

The best place to begin a discussion of Control registers is with the Enable/Priority Control 
register. Bit settings for this register may be illustrated as follows: 

7 6 5 4 3 2 1 0 Bit No. 


Enable/Priority Control Register 


Channel 0 
Channel 1 
Channel 2 
Channel 3 
Unused 

0 - Fixed priority 

1 - Rotating priority 

Each DMA channel that is to be active must have a 1 placed in its enable bit within the Enable/Priority Control register. 
A 0 in any channel's enable bit will disable the channel. It is important to understand that if a channel is disabled, this 
simply means that DMA requests arriving via the associated TxRQN input will be ignored. Disabling a DMA channel 
has no effect on your ability to write into the channel's registers or read from the channel’s registers. 

If more than one DMA channel is enabled, then two or more DMA requests can occur 
simultaneously. You arbitrate priority in one of two ways. If bit 7 of the Enable/Priority Control 
register is 0, the following fixed priorities will always be used: 

Highest Priority: Channel 0 
Channel 1 
Channel 2 
Lowest Priority: Channel 3 


MC6844 
FIXED DMA 
PRIORITY 
ARBITRATION 


0 - Disable channel 

1 - Enable channel 



MC6844 

ENABLE/ 

PRIORITY 

CONTROL 

REGISTER 
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Rotating priority may be selected by writing a 1 into bit 7 of the Enable/Priority Control 
register. Rotating priority initializes the four channels with the fixed priority illustrated above. 

As soon as any DMA channel has been serviced, however, it becomes the lowest priority chan- 
nel — and associated channels are rotated in a round-robin fashion. In order to illustrate rotat- 
ing priority mode, let us assume that DMA Channel 2 is serviced and then DMA Channel 0 is 
serviced. This is how priorities would be assigned: 

Initial Priority; 

Highest Priority; Channel 0 
Channel 1 
Channel 2 
Lowest Priority: Channel 3 

Channel 2 is serviced. These are the new priorities; 

Highest Priority: Channel 3 
Channel 0 
Channel 1 
Lowest Priority: Channel 2 

Channel 0 is serviced. These are the new priorities: 

Highest Priority: Channel 1 
Channel 2 
Channel 3 
Lowest Priority: Channel 0 

The next Control register we will look at is the Data Chaining Control register, because this also 
contributes to channel enable logic. Data Chaining Control register bit assignments may be il- 
lustrated as follows: 

7 6 5 4 3 2 1 0 Bit No. 

Data Chaining Control Register 


0 - Disable data chaining function 

1 - Enable data chaining function 

00 - Chain Channel 3 to Channel 0 

01 - Chain Channel 3 to Channel 1 

10 - Chain Channel 3 to Channel 2 

1 1 - Illegal 

0 - Select 2 channel mode 

1 - Select 4 channel mode 
Unused 




Bit 3 of the Data Chaining Control Register is. in fact, an enable/disable bit for the TxAKB out- 
put function associated with the CSTTxAKB signal. TxAKB is disabled if the Data Chaining 
Control register bit 3 is 0. This is referred to as Two-Channel mode, because with only TxAKA 
enabled it is only possible to acknowledge DMA requests from channels 0 or 1 . This may be il- 
lustrated as follows; 

SELECT 1 

SELECT 0 



MC6844 DMAC 
TWO-CHANNEL 
MODE 
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If the Data Chaining Control register bit 3 is 1. then the TxAKB signal is active, allowing 
any one of the four DMA channels to be acknowledged. This is referred to as Four-Channel 
mode, and may be illustrated as follows: 


MC6844 DMAC 
FOUR-CHANNEL 
MODE 



SELECT 0 

SELECT 1 

SELECT 2 

SELECT 3 


The logic above uses the TxSTB pulse as a strobe for a 2-to-4 decoder. The four decoder outputs become individual 
select lines for the four devices capable of requesting DMA access. 

In order to rotate CS/TxAKB requirements, chip select creation logic is shown. This logic has nothing to do with genera- 
tion of the SelectO through Select 3 lines; however, unless the chip select input portion of the CS/TxAKB signal is cor- 
rectly generated, TxAKB will either be held at ground or pulled to a level of 1, in which case the four-channel select 
logic will not work. 

It is very important to note that there is no direct connection between the logic of the Data Chaining Control register bit 
3 and the Enable/Priority Control register bits 0 through 3. Whether you select Two-Channel mode or Four-Channel 
mode via bit 3 of the Data Chaining Control register, you can, independently enable or disable each of the individual 
channels via Enable/Priority Control register bits 0 through 3. Clearly, there are certain combinations which are not 
reasonable. Options may be illustrated as follows: 


Data Chaining 
Control Register 
Bits 

Enable/Priority Control Register 


Bits 

Bit 2 

Bit 1 

BitO 


0 

0 

0 

0 

0 

Select Two-Channel mode, but channels 0 and 1 are 
disabled. 

0 

0 

0 

0 

1 

Select Two-Channel mode, but only channel 0 or 

0 

0 

0 

1 

0 

channel 1 is enabled. 

0 

0 

0 

■ 

1 

Normal Two-Channel mode with both channels ac- 
tive. 

0 

0 

■ 

X 

X 

In Two-Channel mode you can enable channels 2 and 

3. Their DMA requests will be accepted via TxRQ2 

- 


H 



and TxRQ3, but DMA requests will not be 
acknowledged via TxAKB. Channels 0 and/or 1 must 

0 

1 

B 

X 

X 

be enabled. 

1 

0 

0 

X 

X 

Four-Channel mode with channels 2 and 3 disabled 
makes no sense. Use Two-Channel mode instead. 

1 

0 

1 

X 

X 

Four-Channel mode with channel 2 and/or 3 enabled, 
and any enable/disable combination for channels 0 
and 1 is alright. 

1 

1 

1 

X 

X 
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If you enable data chaining by writing a 1 into the Data Chaining Control register bit 0, then 
DMA operations at channel 0, 1 or 2 become continuous. Via bits 1 and 2 of the Data Chaining 
Control register, you select channel 0, 1 or 2 to operate in Chained mode. 

Chained mode simply means that as soon as the selected channel's Byte Count register decre- 
ments to 0, the selected channel's Byte Count and Address registers will be reloaded with values stored in the Channel 
3 Byte Count and Address registers. Suppose, for example, you want to continuously transfer, via direct memory ac- 
cess, 256 bytes of data. The data is to flow via Channel 0 to memory, with the data being loaded in memory locations 
OAOO10 through OAFFis- To perform this task you would store OOFF-js in the Channel 3 Byte Count register, and 
OAOO10 in the Channel 3 Address register. (We assume that the Address register is going to be incremented.) Every 
DMA transfer will begin with OOFF-10 being loaded into the Channel 0 Byte Count register from the Channel 3 Byte 
Count register, while OAQO] 0 is loaded into the Channel 0 Address register from the Channel 3 Address register. This is 
an automatic operation which requires no program intervention once data chaining has been enabled. Thus, DMA 
transfer via Channel 0 will continue endlessly with the DMA transfer rate determined by the DMA mode selected. 

It is important to note that a data chaining specification is to MC6844 DMAC logic an isolated event. The fact that data 
chaining has been enabled does not automatically disable DMA Channel 3 logic. You must do this by writing 0 into the 
Enable/Priority Control register bit 3. Also, if you specify chaining, you in no way affect the manner in which registers 
can be accessed. You can write into Channel 3 registers, or you can read the contents of Channel 3 registers. This can 
be very useful. If 256 bytes of data are continuously being read into memory locations OAOO10 through OAFF-|0, it 
would take complex program logic to access all data that gets written into this buffer before the data gets overwritten 
on the next DMA pass. 

A better way would be to have two buffers: for example, the first from OAOO-10 through OAFF10 and the second from 
OBOO-] 0 through OBFF1 0. Now, following each end of block interrupt, you would write the new address into the Chan- 
nel 3 Address register. This is illustrated in Figure 9-37. 

There are some nonobvious aspects of Figure 9-37. 

Observe that when you are initializing the MC6844 operating in Chained mode, you must load initial addresses and 
byte counts in Channel 3 Address and Byte Count registers as well as in the Address and Byte Count register for the 
chained channel. The actual chaining operating does not occur until the chained channel’s Byte Count register decre- 
ments to 0. When you start the chained channel, the first DMA operation uses initial Byte Count and Address values 
loaded into the chained channel's Byte Count and Address registers. After the first end-of-block interrupt, the byte 
count and address values loaded into the Channel 3 registers will be transferred to the chained channel registers for 
the next operation. 

Let us now consider the Channel Control register which is associated with each DMA chan 
nel. Channel Control register bit assignments may be illustrated as follows: 

7 6 5 4 3 2 1 0 Bit No. 

Channel Control register 


0 - Transfer data from I/O device to memory 

1 - Transfer data from memory to I/O device 

00 - Select Halt Steal mode 

01 - Select Halt Burst mode 

10 - Select Three State Control, Steal mode 

1 1 - Illegal 

0 - Increment Address register 

1 - Decrement Address register 
Unused 

0 - Done ) 

1 - Busy j Status bit 

0 - Not end of DMA block I Read-only, DEND 

1 - End of DMA block ) status bit 

Channel Control regist^bit 0 simply reflects the level which will be output on the R/W pin during DMA operation^ — 
that is to say, while R/W is an output from the MC6844 DMAC. Channel Control register bit 0 has_no effect on R/W 
while the MC6800 CPU is accessing the MC6844 DMAC under program control. The level of the R/W signal during a 
DMA operation determines v^ether data will be transferred from the I/O device to memory (R/W is low), or from 
memory to the I/O device (R/W is high). Since each DMA channel has its own Control register and therefore its own 
Control register bit 0, channels may be programmed independently to generate DMA transfers in either direction. 
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Figure 9-37. Logic for MC6844 DMAC with Channel 3 Chained to Channel’O and Data Flowing 

into Alternate Memory Buffers 


9-120 













ADAM OSBORNE & ASSOCIATES. INCORPORATED 


Channel Control register bits 1 and 2 are used to select one of the three DMA transfer modes which we have just de- 
scribed. 

Channel Control register bit 3 determines whether the channel’s Address register contents will be incremented or 
decremented following each DMA transfer. Thus you can perform a DMA operation specifying the highest address or 
the lowest address of a memory buffer as the starting address.- 

Channel Control register bits 4 and 5 are unassigned. 

Channel Control register bits 6 and. 7 are read-only status bits which should be looked at in con- 
junction with the Interrupt Control register. Interrupt Control register bits are assigned as 
follows: 

7 6 5 4 3 2 1 0 Bit No. 

Interrupt Control register 


Channel 0 \ 

Channel 1 f 0 - Disable interrupt request 
Channel 2 / f " Enable interrupt request 
Channel 3 / 

Unused 

0 - No interrupt request pending 

1 - Interrupt request pending 



MC6844 

INTERRUPT 

CONTROL 

REGISTER 


You can, at any time, examine a DMA channel to find out if it is "busy" or if it is "done". If "busy", the channel is in the 
middle of transferring a block of data. If "done", the channel is currently idle. You determine a channel's status by read- 
ing the contents of the Channel Control register and examining the level of bit 6. 

When you reach the end of a data block, that is, a DMA channel’s Byte Count register decrements to 0. the channel’s 
Control register bit 7 will be set to 1 . If the channel’s interrupt logic has been enab led via bit 0, 1 , 2 or 3 of the Interrupt 
Control register, then an interrupt request will occur via a low output at IRQ/DEND. This interrupt request will not occur 
if the channel’s interrupt logic has been disabled within the Interrupt Control register. 

If an interrupt request does occur, then bit 7 of the Interrupt Control register will be set to 1. 

Irrespective of whether a channel’s interrupt logic has or has not been disabled, the channel’s Control register bit 7 vyill 
be set to 1 when the channel’s Byte Count register decrements to 0. 

Bit 7 of the Channel Control register remains set to 1 until the CPU reads the contents of the Channel Control register. 
The process of reading the Channel Control register contents automatically resets bit 7 to 0. 

The Interrupt Control register bit 7 is reset to 0 as soon as the Channel Control register for the DMA channel requesting 
the interrupt is read by the CPU. 

Suppose, for example. Channels 0 and 1 are active, with Channel 0 interrupts enabled and Channel 1 interrupts dis- 
abled. Here are appropriate Interrupt Control register settings: 


7 

6 

5 

4 

3 

2 

1 

0 

7 

6 

5 

4 

3 

2 

1 

0 

7 

6 

5 

4 

3 

2 

1 

0 
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11 

m 

□ 

□ 

□ 




11 

11 

a 

a 

a 

□ 

□ 

a 
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Channel 0 Channel 1 Interrupt 

Control Control Control 

Register Register Register 


0/1 means the bit may be 0 or 1. 

Now suppose Channel 1 becomes active. Its Control register Busy bit will be set: 
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6 

5 

4 

3 

2 

1 

0 
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6 
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4 

3 

2 
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Next, suppose Channel 0 becomes active. The Channel 0 Busy bit will, also be set; 
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6 ; 
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3 
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4 
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0 
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El 

El 
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El 
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E 
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Channel 0 
Control 
Register 


Channel 1 
Control 
Register 


Interrupt 

Control 

Register 


When the Channel 1 DMA operation ends, no interrupt request will occur, since the Channel 1 interrupt logic has been 
disabled. Thus, the Channel 1 Control register Busy bit will be reset to 0, the DEND bit will be set to 1 and the Interrupt 
Control register will not change; 
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As soon as the CPU reads the contents of the Channel 1 Control register, the Channel 1 DEND bit (bit 7) will be reset to 
0 , 


Suppose Channel 0 now reaches the end of a data block; it will request an interrupt. The Channel 0 Control register's 
Busy bit will^be reset to 0, the DEND bit will be set to 1 *and the active interrupt request bit of the Interrupt Control 
register will also be set to :fl ; ' ; 
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6 

5 

4 

3 

2 

1 

0 

B 

H 
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0 

0 

0 
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Channel 0 
Control 
Register 


7 6 5 4 3 2 1 0 

( 1 I 0 I 0 I 0 I 0 I 0 I 0 I 1 

Interrupt 

Control 

Register 


Reading the contents of the Channel 0 Control register wilt reset the Channel 0 DEND bit (bit 7). Reading the Channel 0 
Control register contents will also reset the Interrupt Control register bit 7, since the Channel 0 interrupt request 
caused this bit to be set. Reading the Channel 1 Control register will have no effect on the I nterrupt Control register bit 
7, since Channel 1 di^ not cause the interrupt request tO: be generated 

If more than one active interrupt is present, then your program must arbitrate priorities by examining the DEND status 
of each channel's Control register. Also, bit 7 of the Interrupt Control register will be reset when you read the contents 
of the Control register for the first channel to request an interrupt.- For example, suppose all channel interrupts have 
been enabled, and Channel 0, then Channel 2, then Channel 1 request interrupts — before the CPU acknowledges an 
interrupt. The CPU can determine which channels have requested interrupts by reading Control register contents for 
Channels 0, 1 and 2. But it is the act of reading Channel 0 Control register contents that will reset bit 7 of the Interrupt 
Control register. - 


RESETTING THE MC6844 DMAC 

The MC6844 DMAC is reset when a low signal is input at the Reset pin. When the MC6844 DMAC is reset, all 
Control registers have their contents reset to 0. Address and Byte Count registers' contents, however, are not 
altered. 


PROGRAMMING THE MC6844 DMAC 

Programming the MC6844 DMAC is quite straightforward. 

The first stop is initialization. If you have reset the MC6844, then all Control registers' contents will be 0 — in which 
case all DMA requests and interrupt requests have been disabled. If.you have not reset the MC6844 DMAC, then you 
should do so under program control by outputting 0 to the Enable/Pfiority Control register and the Interrupt Control 
register. 

Once the MC6844 DMAC has been disabled, then initialize channel Address and Byte Count registers by load- 
ing appropriate initifil values into these registers. 

Next, define the DMA operating modes by loading appropriate.;codes into the channel Control registers for the 
enabled channels, and into the Data Chain Cpntrol register. . ^ 
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Initialization is now complete. You start DMA channels by outputting an appropriate code to the Interrupt Control 
register and then to the Enable/Priority Control register. 


Monitoring DMA operations while they are in progress is also quite straightforward. Normally you will wait until 
the end of a DMA transfer is signaled by an interrupt request, at which time if more than one channel could have re- 
quested the interrupt, the interrupt service routine arbitrates priorities by reading all active channel Control registers’ 
contents. The interrupt service routine must now respond to the active interrupt request according to the requirements 
of your program logic. This may or may not require restarting the same channel or another channel. 

You can monitor DMA operations while they are in progress by reading the contents of Address and Byte Count 
registers while a DMA operation is in progress. However, this is something you should only do while operating a 
DMA channel in one of the Halt modes. If you read register contents on the fly while operating in Three-State 
Control mode, you may road the wrong answer, and determining what the right reading should be is not easy. This 
is because an instruction that reads 1 6 bits of data executes in two machine cycles. If this read operation occurs while a. 
Three-State Control. Cycle Stealing DMA transfer is occurring, this is what happens: 



In the illustration above, an LDX instruction loads the contents of a 1 6-bit register (we will assume it is the Channel Ad- 
dress register) into the Index register of the CPU. First the high-order byte of the Address register (03) is transferred to 
the high-order byte of the Index register. At the end of this machine cycle, however, the Address register is incre- 
mented. Now. you may say that this is no problem since you have read the valid Address register contents as they were 
at the end of the LDX instruction's execution. But unfortunately there is a special case. Suppose the Address register 
contained O 2 OO 15 and was decrementing. Now you will read 02FF when 01 FF was the correct value; 



The error illustrated above cannot occur when operating DMA in a Halt mode, since the DMA transfer occurs in bet- 
ween instruction executions. Thus, the contents of any 16-bit registers within the MC6844 DM AC will not change 
while an LDX instruction is being executed, because no DMA transfer can occur until the LDX instruction has com- 
pleted execution. 

You can, if you wish, write into any MC6844 DMAC register at any time. For example, you can write into an Address or 
Byte Count register for a channel that is busy. Once again, you can get into trouble if you write into Address or Byte 
Count registers for a channel that is operating in Three-State Control, Cycle Stealing mode, since you will write the low- 
order byte, all 16 bits may be incremented or decremented, and then you will write the high-order byte; arid who 
knows what the results will be. Writing into registers on the fly will not cause errors if you are operating in one of the 
Halt rnodes. 
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THE MC6846 MULTIFUNCTION SUPPORT DEVICE 


The MC6846 multifunction support device is designed to work with the MC6802 as a two-chip microcomputer. 
However, the MC6846 can be used just as easily in any other MC6800 microcomputer system. 

Figure 9-38 illustrates that part of our microcomputer system logic which is implemented on the MC6846 
multifunction device. This device provides 2048 bytes of read-only memory, a single 8-bit parallel I/O port with 
handshaking control signals, and a counter/timer. 

The MC6846 multifunction device is packaged as a 40-pin DIP. It uses a single +5V power supply. All inputs and 
outputs are TTL-compatible. 

The device is implemented using N-channel silicon gate depletion load technology. 

MC6846 MULTIFUNCTION DEVICE PINS AND SIGNALS 

MC6846 pins and signals are illustrated in Figure 9-39. 

The device select lines CSO and CS1 work in two ways: they activate the MC6846, and they select which func- 
tion is in use — ROM or I/O and counter/timer. The user specifies as a mask option two active combinations of 
CSO and CS1 levels: one to enable the ROM and one to enable the I/O and counter/timer. For example, you might 
wish to enable ROM when CS1 is high and CSO is low, and enable the I/O and counter/timer when both select lines are 
high. This combination would then disable the MC6846 when CS1 is low. 

When ROM is selected, the eleven lines AO - A10 will address one of the 2048 bytes of read-only memory. 

These 2048 memory bytes may be located anywhere in the memory space. 

In addition to CSO and CS1 . certain of the address lines are used to select the I/O and counter/timer functions. 

Lines A5, A4, and A3 must be low to select the I/O and counter/timer operations. You select as a mask option what 
level at line A6 enables I/O and the counter/timer, and whether or not one of the lines A10, A9, A8, and A7 must be 
high to enable these functions. Flere is how address lines are used to select I/O and the counter/timer; 

A10 A9 A8 A7 A6 A5 A4 A3 A2 At A0-*m Address Lines 

f'l I M lololol I I I 


Internal register address 
(See Table 9-14) 

These three lines must be low to select I/O and counter/timer 
User decides whether high or low selects I/O and 
counter/timer 

All four "don't care" or user may assign one line on which a 
high level selects I/O and the counter/timer 

Once an MC6846 has been selected as an I/O device, address lines AO, A1, and A2 select one of seven 
registers in eight I/O addressable locations. Table 9-14 identifies the locations accessed with each address. Note 
that addresses 0 and 4 access the same location. 

Table 9-14. MC6846 I/O Addressable Locations 



1 Address Line 

Internal Register Selected 

A2 

A1 

AO 

0 

0 

0 

Composite Status register 

0 

0 

1 

. Peripheral Control register 

0 

1 

0 

Data Direction register 

0 

1 

1 

Peripheral Data register 

1 

0 

0 

Composite Status register 

1 

0 

1 

Timer Control register 

1 

1 

0 

Timer register (high-order byte) 

1 

1 

1 

Timer register (low-order byte) 
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Figure 9-38. Logic of the MC6846 Multifunction Device 
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PIN NAME 

DESCRIPTION 

TYPE 

CSO, CS1 

Device select 

Input 

AO - A10 

Address lines 

Input 

DO - D7 

Data lines 

Bidirectional 

R/W 

Read /Write 

Input 

E 

Device synchronization 

Input 

PPO - PP7 

I/O Port lines 

Bidirectional 

CPI 

Interrupt/Strobe 

Input 

CP2 

Peripheral Control 

Input or Output 

CTO 

Counter/tirper output 

Output 

CTC 

External clock for counter/ timer 

Input 

CTG 

Counter/timer gate 

Input 

IRQ 

Interrupt request 

Output 

RES 

Reset 

Input 

VCC' Vss 

Power and Ground 



Figure 9-39. MC6846 Multifunction Device Signals and Pin Assignments 
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All data transfers between the CPU and the MC6846 device occur via the bidirectional Data Bus (DO - D7). This 
is a three-state Data Bus; when the device is not selected the MC6846 holds these lines in the high-impedance state. 

The R/W control determines whether da_ta wiil flow into the MC6846 (a Write operation with R/W low) or from 
the MC6846 (a Read operation with R/W high). 

E is the standard synchronizing clock signal used throughout an MC6800 microcomputer system. 

The 8-bit parallel I/O port of the MC6846 is very similar to I/O Port 8 of an MC6820 Peripheral Interface Adapter (PIA). 
Differences are described later. Lines PPO - PP7 constitute an 8-bit bidirectional parallel I/O port. Control lines CPI 
and CP2 are the two handshaking and interrupt control signals associated with the parallei I/O port. 

The counter/timer of the MC6846 is very similar to counter/ time r 3 of the MC6840 count er/tim er, which has 
been described earlier in this chapter. CTO is the output signal, CTC is the external clock and CTG is the gate in- 
put. 

interrupt requests originating from the paraliei i/0 logic of the counter/timer logic are output via iRQ. 

The device is reset by inputting a low level at RES. The actual operation of the reset logic is described after the 
registers which it affects have been discussed. 

MC6846 COUNTER/TIMER LOGIC 

Before reading this section, you should be familiar with the MC6840 counter/timer device described earlier in this 
chapter. We are only going to examine the differences between counter/tjmer iogic of the MC6846 and channei 
3 of the MC6840. Note that channei 3 of the MC6840, like the counter/timer logic of the MC6846, can be oper- 
ated in divide-by-elght mode. 

The MC6846 counter/timer has its own Controi register. Most Significant Byte register, and Least Significant 
Byte register. As illustrated in Table 9-13, these three registers are accessed via addresses DEV-l-5, DEV-t-6, and 
DEV+7 respectively. The counter/timer logic does not have its own Status register; this is shared with i/0 port 
logic. 

The counter/timer Control register address is not the same as any of the three addresses set aside for Control registers 
of the MC6840. The Most Significant Byte register and Least Significant Byte register addresses, however, are the same 
as two addresses allocated to these two registers by the MC6840. 

Bits of the MC6846 counter/timer Control register are not assigned in the same way as they are for any MC6840 Con- 
trol register. Here are the counter/timer Controi register bit assignmerits for the MC6846: 

7 6 5 4 3 2 1 0 Bit No. 

Counter/Timer Control register 


0 Enable timer 

1 Preset counter 

0 Timer uses CTC as clock input 

1 Timer uses E as clock input 

0 Use input clock frequency 

1 Use input frequency divided by 8 
Select operating mode; 

000 Continuous (program initiated) 

001 Cascaded single-shot 

010 Continuous 

01 1 Normal single-shot 
Freq uenc y comparison: 

too CTG changes before coun ter t imes out 
101 Counter times out before CTG changes 
Puls e wid th comparison: 

110 CTG changes before cou nter t imes out 

111 Counter times out before CTG changes 

0 Mask timer interrupt 

1 Enable timer interrupt 

0 Set CTO low ) except during cascaded 

1 Enable counter output ) single-shot operation 
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Bit 0 is the internal reset bit. This is the same as bit 0 of the Control register of MC6840 counter/timer logic 1. 

Bit 1 determines whether the external clock (CTC) or the system clock (02, via E) will be the timing signal. This is the 
same as in MC6840 Control registers. 

Bit 2 enables or disables the divide-by-eight prescaler; bit 0 of counter/timer 3's Control register performs the same 
task in the MC6840. 

Bit 6 enables or disables interrupt logic, and bit 7 enables or disables the output signal for the counter/timer as de- 
scribed for the MC6840. 

Control register bits 3, 4 and 5 determine the operating mode of the counter/timer. There is just one difference bet- 
ween the interpretation of these three bits in the MC6846 as compared to the interpretation of these three bits in the 
MC6840. The MC6846 has no program-initiated sirigle-shot mode. Only a high-to-low transition of the gate input will 
initiate single-shot mode. This missing variation of'single-shot mode is replaced by a cascade mode. In the cascade 
mode. Control register bit 7 is connected to the output signal CTO. When Control register bit 7 is 0, the output signal is 
set low on the next timeout; when Control register bit 7 is 1 , the next timeout sets the output signal high. This is called 
a "cascade" mode because it allows you, under program control, to count timeouts which generate interrupt requests 
in the usual way and then, under program control, to change' the level of the output based on the time interval com- 
puted via timeouts. 

MC6846 I/O PORT LOGIC 

Before reading this section, you should be familiar with the MC6820 PIA described earlier in this chapter. We are only 
going to examine the differences between I/O port logic of the MC6846 and I/O Port B of the MC6820. 

The MC6846 I/O Port can provide programmed handshaking on either input or output. 

Any of the data iines PPO - PP7 can directly drive the base of a Dariington NP^ transistor. The controi iine CP2 
also has this capability. 

The MC6846 i/0 Port has its own Control register. Data Direction register, and Peripherai Data register. As il- 
lustrated in Table 9-13, these three registers are accessed via addresses DEV-t-1. DEV-f-2, and DEV-l-3 respectively. The 
I/O port logic does not have its own Status register; this is shared with the counter/timer iogic. We will describe 
the Composite Status register later on. 

In the MC6846, the Data Direction register and the Peripheral Data register have separate addresses. Recall that 
in the MC6820 PIA these two registers share one address, and Bit 2 of the Control register determines which location is 
accessed by that address. 

Bits of the MC6846 Peripheral Control register are not assigned in the same way as they are for either of the MC6820 
Control registers. Here are the Peripheral Control register bit assignments for the MC6846: 


7 6 5 4 3 2 


■Bit No. 




n 


Peripheral Control register 


0 Disable CPI interrupt 

1 Enable CPI interrupt 

0 CPI high-to-low transition generates interrupt request 

1 CPI low-to-high transition generates interrupt request 

0 Do not latch input data 

1 Latch input data on active transition of CPI 


CP2 is input 

0 Disable CP2 interrupt 

1 Enable CP2 interrupt 

0 CP2 high-to-low transition generates interrupt request 

1 CP2 low-to-high transition generates interrupt request 


Bit 5 


0-1 


CP2 is output 

00 CP2 serves as an interrupt acknowledge 

01 CP2 serves as an input/output acknowledge 
lx set CP2 to X 



Not used 

0 Normal operation 

1 Reset I/O port 



o 

UJ 

H 

< 

C 

o 

0. 

cc 

o 

o 

z 


U) 


< 


8 

CO 

CO 


< 

<9 


lU 

z 

tc 

o 

CD 

CO 


o 


< 

o 

< 


If Bit 0 is set to 1 , then an active transition (as defined in Bit 1) at CPI will set IRQ low. Bits 0 and 1 are used in the same 
way in the Control registers of the MC6820. 

Bit 2 selects the input latch function. When bit 2 is set. an active transition at CPI will latch data input on lines PPO - 
PP7. The MC6820 does not provide an input latch function. 

Bits 3, 4, and 5 control the CP2 line in the same way that MC6820 Control Register B bits 3, 4, and 5 control line CB2 of 
that device. 

Bit 6 is not used in the MC6846. 


Bit 7 serves as an internal reset for the I/O port. The CPU may set this bit b y writing a 1 into it, but it will also be set au- 
tomatically when the MC6846 receives a low level at the reset input, RES. You clear bit 7 by writing a 0 to it during a 
CPU write to the Peripheral Control register. 

The interrupt flags for both the timer/counter and the I/O port appear in the Composite 
Status register, which the CPU accesses via either of the addresses DEV or DEV+4. This register 
is a read-only location. 

Here are the bit assignments for the Composite Status register: 

7 6 5 4 3 2 1 0 Bit No. 


MC6846 

COMPOSITE 

STATUS 

REGISTER 



Composite Status register 


Timer interrupt 
CPI interrupt 
CP2 interrupt 
Not Used 

Composite interrupt 


Note that interrupt conditions will appear in bits 0, 1, and 2 of the Composite Status register, 
whether or not interrupts are enabled in the corresponding Control register. 

A counter/timer interrupt will set bit 0 of the Composite Status register. Any of the following actions will reset the 
counter/timer interrupt flag to 0: 

• Timer reset via either Timer Control register bit 7 or RES input 

• Initializing the counter 

• Writing to the timer latches in Frequency Comparison mode or Pulse Width Comparison mode 

• Reading the Timer register after reading the Composite Status register while the timer interrupt bit was set. That is, 
the following sequence resets bit 0 of the Composite Status register: bit 0 is set by the counter/timer interrupt; the 
CPU reads the Composite Status register (location DEV or DEV-f4); then the CPU reads the Timer register (locations 
DEV-F6 and DEV-F7). 

Interrupt transitions at CPI and CP2 will set bits 1 and 2, respectively, of the Composite Status register. Each of these 
bits will be reset to 0 by a Read or Write to the Peripheral Data register (location DEV-l-3), but only if the flag was 
already set when the CPU last read the Composite Status register. This is analogous to the fourth counter/timer flag 
reset condition described above. 

Bit 7 will be set to 1 only when IRQ is set low; that is, any one of the three interrupt bits described above will set bit 7, 
but only if that interrupt has been enabled in the appropriate Control register bit. Bit 7 will be 0 only when all three of 
bits 0, 1, and 2 are reset to 0. 

Bits 3, 4, and 5 of the Composite Status register are not used. 

The Data Direction register and the Peripheral Data register work in the same way as those in the MC6820 do. 

MC6846 DEVICE RESET 

When the MC6846 receives a low level on RES, all the I/O and counter/timer logic enters the Reset state. In ad- 
dition, the I/O port and the counter/timer can be reset individually via the internal reset bits of their respective 
Control registers — bit 0 of the Timer Control register and bit 7 of the Peripheral Control register. 
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These are the results of a counter/timer reset: 

• The counter latches take on the maximum count (65,536). This occurs only during external reset (RES low). 

• The counter clock is disabled. 

• Bits 1 through 6 of the Timer Control register are reset to 0, as are the output line CTO and the interrupt flag (bit 0 of 

the Composite Status register). ■ 

The net effect is that the counter/timer becomes inactive until the CPU writes a 0 to bit 0 of the Timer Control 
register. 

These are the results of an I/O port reset: 

• All bits of the Peripheral Data register and Data Direction register are reset to 0. as are the interrupt flags (bits 1 and 2 
of the Composite Status register). 

• Bits 6 through 0 of the Peripheral Control register are reset to 0. 

The net effect is that the port is in input mode, and its interrupts are disabled. 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 

. MC6800 CPU 
. MC6802 CPU/RAM 
. MC6870A Clock 
. MC6871A Clock 
. MC6871B Clock 
. MC6820 PIA 
. MC6850 ACIA 
. MC6852 SSDA 
. MC6840 PTM 
. MC6844 DMAC 
. MC6846 ROM-I/O-Timer 
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TABLE 1 - MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

Vin 

-0.3 to +7.0 

Vdc 

Operating Temperature Range— T l to T^ 
MC6800, MC68A00, MC68B00 

MC6800C, MC68A00C 

MC6800BQCS, MC6800CQCS 

Ta 

0 to +70 
-40 to +85 
-55 to +125 

°c 

Storage Temperature Range 

"'’stg 

- 55 to + 1 50 

°c 

Thermal Resistance 

Plastic Package 
Ceramic Package 

'’JA 

70 

50 

°c/w 


This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid appli- 
cation of any voltage higher than maximum 
rated voltages to this high impedance circuit. 


E LECTR ICAL CHARACTER ISTICS i^cc ~ ^SS^O. T^'^LtoTn unless otherwise noted) 


Input High Voltage 

Logic 

01 ,02 

Input Low Voltage 

Logic 


01,02 

Input Leakage Current 


(Vjn = 0 to 5.25 V, Vqq = max) 

Logic' 

(Vin = 0 to 5.25 V, Vcc = 0.0 V) 

01.02 

Three-State (Off State) Input Current 

DO -07 

I'^in “ 0.4 to 2.4 V, Vcc ' max) 

A0-A15,R/W 

Output High Voltage 


('Load “ -205 pAdc, Vcc = ^'"1 

O0-D7 

Oboad = -'45 *iAdc, Vcc “ 

A0-A15,R/W,VMA 

('Load " -'00 pAdc, Vcc " 

BA 

Output Low Voltage dcoad - ' -0 rriAdc, Vcc - 

min) 

Power Dissipation 

Capacitance 


(Vin = 0, Ta = 25°C, f = 1 .0 MHz) 

01 


02 


D0-D7 


Logic Inputs 


A0-A15,R/W,VMA 



TABLE 3 — CLOCK TIMING (Vqq = 5.0 V, i 5%, Vss ■ 0. Ta * T|_ to Th unless otherwise noted) 


Characteristics 


Frequency of Operation 


Cycle Time (Figure 1 ) 


Clock Pulse Width 

(Measured at Vqq - 0.6 V) 


Total 01 and 02 Up Time 


MC6800 

MC68A00 

MC68B00 


MC6800 

MC68A00 

MC68B00 


01,02 - MC6800 
01,02 - MC68A00 
01,02 - MC68B00 


MC6800 

MC68AOO 

MC68B00 


Rise and Fail Times 

(Measured between Vss + 0-4 and Vqc - 0,6) 


Delay Time or Clock Separation (Figure 1) 

(Measured at Vgv " ^ss 0-6 V (s> tr = tf < 1 00 ns) 
(Measured at Vqv = Vss + 1 -0 V (9> tr = tf < 35 ns) 



I MOTOROLA Semiconductor Products Inc. 

Data sheets on pages 9-D2 through 9-D30 reprinted by permission of Motorola Semiconductor Products, Inc. 
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TABLE 4 — READ/WRITE TIMING (Reference Figures 2 through 6) 


I MC6800 

Characteristic Symbol 


Address Delay 

C = 90pF 
C = 30pF 


Peripheral Read Access Time 
’ac = tut - (tAD + tQSR) 


Data Setup Time (Read) 


Input Data Hold Time 


Output Data Hold Time 


Address Hold Time 

(Address, R/W, V(V1A) 


Enable High Time for DBE Input 





Processor Controls 

Processor Control Setup Time 
Processor Control Rise and 
Fall Time 

Bus Available Delay 
Three-State Delay 
Data Bus Enable Down Time 
During 01 Up Time 
Data Bus Enable Rise and 
Fall Times 


- 

530 

- 

- 

360 

- 

- 

- 

- 


- 

- 

40 

- 

- 

1 - 

10 

- 

- 

10 

- 


- 

10 


- 

10 

■B 

50 

- 

30 

50 

- 

30 

50 


tpcs 

tpCr.tpcf 





FIGURE 1 - CLOCK TIMING WAVEFORM 



FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 


- Start of Cycle 


Vcc-0.6 V 
0.4 V 

-• — tr = 25 ns 


VCC - 0.6 V 
^ 0.4 V 





MGTGRGLA Semiconductor Products Inc. 
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DELAY TIME (ns) 
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FIGURE 6 - BUS TIMING TEST LOADS 
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C = 130 pF for D0-O7, E 
“ 90 pF for A0-A15, R/W, and VMA 
(Except tAD2i 

= 30 pF for A0-A15, R/W, and VMA . 

<tAD2 o^ly) 

= 30 pF for BA 
R = 11.7 kn for D0-D7 

= 16.5 kn for A0-A15, R/W, and VMA 
= 24 kn for BA 


TEST CONDITIONS 

The dynamic test load for the Data Bus Is 
130 pF and one standard TTL load as shown. 
The Address, R/W, and VMA outputs are tested 
under two conditions to allow optimum opera- 
tion In both buffered and unbuffered systems. 
The resistor (R) is chosen to insure specified 
load currents during Vq^ measurement. 

Notice that the Data Bus lines, the Address 
lines, the Interrupt Request line, and the DBE 
line are all specified and tested to guarantee 
0.4 V of dynamic noise immunity at both 
"1” and "0" logic levels. 
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FIGURE 12 - THREE STATE CONTROL TIMING 



FIGURE 13 - HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG 



'XT 


xyiz> 


Fetch. Execute 


Address 

Bus 


Data 

Bus 


" ^Addr My ~ X > - 






XJCDO 


<XIXXIX> 


Note: Midrange waveform indicates 
high impedance state. 


(g) 


Af 0T0I70L>I Semiconductor Products Inc. 
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MAXIMUM RATINGS 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

^in 

-0.3 to +7.0 

Vdc 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

Tstg 

-55 to +150 

°C 

Thermal Resistance 

9ja 

70 

°c/w 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 5%, Vss = 0, = 0 to 70°C unles otherwise noted.) 


1 Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

Input High Voltage 

Logic, EXtal 

V|H 

Vss + 2.0 


Vcc 

Vdc 


Reset 


Vss + 4.0 


Vcc 


Input Low Voltage 

Logic, EXtal, Reset 

V|L 

Vss - 0.3 

- - 

Vss + 0-5 

Vdc 

Input Leakage Current 

Logic* 

•in 

- 

1.0 

2.5 

^Adc 

(V|n = 0 to 5.25 V, Vgc = ftiax) 







Output High Voltage 


Vqh 




Vdc 

('Load “ "205 pAdc, Vqc = niin) 

D0-D7 


Vss + 2.4 


- 


Load = -145 pAdc, Vcc = ttiin) 

A0-A15, R/W,VMA, E 


Vss + 2.4 


- 


('Load = -lOOpAdc, Vcc = 

BA 


Vss + 2.4 


- 


Output Low Voltage 


VOL 

- ■ 

- 

Vss 0-4 

Vdc 

••Load 1-6 mAdc, Vcc = ftiin) 







{ Power Dissipation { 

Pd" 

- 


1.2 

W 

Capacitance # 


Cjn 




PF 

(V|n = 0, Ta = 25°C, f =' 1.0 MHzl 

D0-D7 


_ 

10 

12.5 



Logic Inputs, EXtal 


- 

6.5 

10 



A0-A15, R/W, VMA 

Cout 

- 

■ - 

12 

pF 

Frequency of Operation (Input Clock +4) 


f 

0.1 


1.0 

MHz 

(Crystal Frequency) 


<Xtal 

1.0 

- 

4.0 


Clock Timing 







Cycle Time 


•eye 

1.0 

. - 

10 

MS 

Clock Pulse Width 


PW«Hs 

450 

- 

4500 

ns 

(Measured at 2.4 V) 


PW0L 





Fall Time 


t0 

, - 

- 

25 

ns 

(Measured between Vss ^ ^SS “■ 2-4 V) 







'Except IRQ and NMI, which require 3 kn pullup load resistors for wire-OR capability at optimum operation. Does not include EXtal and 
Xtal, which are crystal inputs. 

“In power-down mode, maximum power dissipation is less than 40 mW. . . 

^Capacitances are periodically sampled rather than 100% tested. 


READ/WRITE TIMING (Figures 2 through 6; Load Circuit of Figure 4.) 


Characteristic 

Symbol 

. Min 

Typ 

Max 

Unit 

Address Delay 

•ad 

. - 

- 

270 

ns 

Peripheral Read Access Time 
•acc = tut - (•AD+ ‘CSR) 

•acc 

' - 

- 

530 

ns 

Data Setup Time (Read) 

«DSR 

100 

- 

- 

ns 

Input Data Hold Time 

•h 

10 

- 

- 

ns 

Output Data Hold Time 

•h 

20 

- 

- 

ns 

Address Hold Time (Address, R/TO, VMA) 

•ah 

20 

- 

- 

ns 

Data Delay Time (Write) 

•ddw 

- 


225 

ns 

Processor Controls 

Processor Control Setup Time 

Processor Control Rise and Fall Time 
(Measured between 0.8 V and 2.0 V) 

•PCS 

•PCr, •PCf 

200 

■ 

100 

ns 

ns 


MOTOROLA SGmiconductor Products Inc. 
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FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 



FIGURE 3 - WRITE DATA IN MEMORY OR PERIPHERALS 



9-D8 
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MC6870A , 

limited function microprocessor clock ^ gnd ^ 

250 kHz to 2.5 MHz ^ 

MC6870A 

01 NMOS 

02 NMOS 

02 TTL 



DIMENSIONS 


specifications 


iJ.' 





PIN 

CONNECTION 

1 

GND 

3 

NC 

5 

0iTTL 

7 

V,. (+5VDC) 

12 

0, NMOS 

13 

0. NMOS 

18 

GND 

20 

NC 

22 

NC 

24 

NC 


WAVEFORM TIMING 

(ALL TIME IN NANOSECONOSI 



Rating 

Symbol 

Valua 

Unit 

Supply Voltage 

V.e 

5.00±5% 

Vdc 

Operating Temperature Range 

Ta 

0 to +70 

•c 

Storage Temperature 

T|lq 

-55 to -f 125 

•c 

Power Supply Drain (max.) 

Ipd 

100 

mA 


electrical CHARACTERISTICS (V« = 5.0 ± 5%. V.. =: OJa 
= r 0* to 70*C, unless otherwise noted) 


Charactarlatic 

Symbol 

Min 

Typ 

Max 

Unit 

Fraquancy 






Operating Frequency 

fc 

.250 


2.5 

MHz 

hrequency stability (inclusive 



d:.01 


% 

of calibration tolerance at 






+25’C, operating temperature, 






input voltage change, load 






change, aging, shock and 






vibration) 






NMOS Outputs at 1.0 MHz Operation** 

Pulse vyidth (meas. at 

T0,H 

430 



ns 

Vc«= -.3Vdc level) 

T0,H 

450 



ns 

Logic Levels 

Vote 

V..-.1 

— 

V„+.3 

Vdc 


VohC 

V..-.3 

— 

V..+.1 

Vdc 

Rise and Fall Times 

t. 

5 

12 

50 

ns 


t. 

5 

12 

50 

ns 

•Overs hoc t/Undershoot 






Logic "1" 


V..-.5 


V„+.5 

Vdc 

Logic "0" 

Vos 

V„-.5 


V..+.b 

Vdc 

Pulse duration cl any over- 






shod or undershoot 

los 



40 

ns 

Period (® 0.3V do Level 

lot 


1.00 




Tx _ 

ETil 



Ea 

NMOS Relationship 

■ai 

■i 


■M 

H 

@ +0.5V do Level 






TTL Outputs 

In ref. to 0i NMOS &> 0,3V do 

^aHi 

HH 

IIHI 

■■i 

IHi 

01 TTL @ +1.4V dc 



la 


■jB 


■2a 





Logic Levelt 

V(>4 






VoL 

m 


.4 


Rise and Fall Times 






.4V and 2.4V 

t, 



15 

ns 

2.4V and .4V 

tf 



15 

ns 

Logic "0" Sink (/Gale) 

loL 



-1.6 

mA 

Logic “1" Source (/Gate) 

loH 



+40 

uA 

Current Output Shorted 

Isc 

-10 


-57 

mA 

Load ' 

NMOS— Load Capacity 0.. 0i 

CnmOS 

80 

120 

160 

pt 

TTL— No. o( Loads 




5 

ttl 

TTL— Load Capacity 

ClIL 



50 

pi 



CsM i-UOpF I 4 


'Into specified tesi load 

"Apply the following parameters for frequencies other than 1.0 MHz: 
Tp,H=0.5 (P-140) ns 
Tp,H=0 5 (P-100) ns 
Tk=:(P. 60) ns 

where P=desired period of operation In nanoseconds 



TO CXTERNAI. 
FHEOUENCY 



MOTOROLA INC. 
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MC6871A 

full function microprocessor clock 
850 kHz to 2.5 MHz 




MC687 1 A 





HOLD1 MEMORY 
READY 


2xfc 

0, NMOS 
0, NMOS 
0,TTL 

MEMORY CLOCK 


I Symbol I Min | Typ | M«x | Unitl 


specifications 

- Rating ■ Symbol ' Vilu« "UnlT 

Supply Voltage V,. 5.00±5% Vdc 

Operating Temperature Range T* 0 to +70 *0 

Storage Temperature T,,, —55 to +125 *0 

Power Supply Drain (max.) Ua 100 mA 

ELECTRICAL CHARACTERISTICS (V„ = 5.0 :t 5%, V.. =: O.Ta 
= 0* to 70*C, unless otherwise noted) 

Chirictarlstlc- Symbol Min Typ Max I 

Fraquancy .. 

Operating Frequency t, .850 2.5 T 

hrequency stability (Inclusive '±UT 

of calibration toierance at 
-|-25"C, operating temperature, 
input voltage change, load 
change, aging, shock and 

vibration) 

NMOS Outputs at 1.0 MHz Operation*** 

Pulse Vi/idth (meas, at T0,H ' 430 

V,,- -.3Vdc level) . T0,H 450 

Logic Levels Volc — V..+.3 \ 


CONNECTION 

GND 

MEMORY CLOCK 
0.TTL 
V., (+5VDC) 

01 NMOS 
0, NMOS 
GND 
HOLD 1 

MEMORY READY 
ixic 


TO Too... 

- ,015. .021 DIA IPINSI 



Rise and Fall Times 

•Overshoot/Undershoot 
Logic "1" 

Logic "0" 

Pulse duration of any over- 
shoot or undershoot 


Period @ 0,3V do Levei 


Edge Timing @ V„=:0,3V dc 


NMOS Relationship 
@ -|-0,5V do Levei 


TTL Outputs 


In ref, to 0, NMOS @ 0.3V dc 


0, TTL 
@ 1.4V dc 


Memory Clock 
@ 1.4V dc 


Vwc V«-.3 
I, 5 


V..-f.3 Vdc 
I V..-F.1 1 Vdc I 


V„.p.5 Vdc 
|V..-f .5| Vdc I 


WAVEFORM TIMING 

lALL TIME IN NANOSECONDS) 



Holds 0, NMOS ’Low’, 0, NMOS MEM- 
'High', 0i TTL 'High', and ORY 
MEMORY CLOCK 'High' READY 


'Into specified test load 

"Must be externally held at ’T' level (2 4V min,, 5.0V max.) if not used 
•"Apply the following parameters for frequencies other than 1 MHz: 
T0iH=O 5 (P-140) ns 
TpjH=0 5 (P-100) ns 
Tx = (P-60) ns 

where P=desifed period of operation m nanoseconds 


m 



MceartA 

^99. ■ ^ 




HV 

1 



HOlDI 

MEMORY READY 


Cii( - MAX CAPACITY 50 pF 

Cnmos - *20 pF ± 40 pF IS THE SPECIFIED 
MAX lOAD CAPACITANCE 
THAT SIMULATES THE MOTOROLA 
MC6B00 MPU INPUT 

•HOLD ANO MEMORY READY MUST 
BE EXTERNALLY HELD AT 'I 
LEVEL (2 4V0C MIN . 5 OVOC MAX ) 


MOTOROLA INC. COMPONENT PRODUCTS DEPT. 
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’Into specilied lest load 

’•Must be eKie^naiiy held at "t" level (2 4V mm . 5 OV m 
‘’Apply the following paiamete's for trcQuencies other 
Tp,M=0 5 (P-1401 ns 
TojM=0 5 (P-100) ns 
Ti<=|P-60) ns 

where Psdesired period ol operation m nanoseconds 


X CAPACITY so pF 

pF 2 40 pF IS THE SPCCIFIEO 
X lOAO CAPACITANCE 
IT SIMUIAIES THE MOTOROLA 


(g) 


MOTOROLA INC. component products dept. 

2553 N. Edgington Franklin Park, III. 60131 312/451-1000 
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MC6820 


= 0 to 70°C unless otherwise noted.) 


V|H 

Vss + 2.4 


Vss + 2.0 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ±5%, Vss = 0, Ta 


Characteristic 


Input High Voltage Enable 

Other Inputs 


Input Low Voltage Enable 

Other Inputs 


Input Leakage Current R/W, Reset, RSO, RSI, CSO, CS1, CS2, CA1, 
(V|n = 0to5.25Vdc) CB1, Enable 


Three-State (Off State) Input Current 00-07, PB0-PB7, CB2 

(V|n = 0.4 to 2.4 Vdc) 


Input High Current PA0-PA7, CA2 

(V|H = 2.4 Vdc) 


Input Low Current PA0-PA7, CA2 

(V|L = 0.4 Vdc) 


Output High Voltage 

(I Load ” -205 pAdc, Enable Pulse Width < 25 us) 00-07 

(I Load - -100 pAdc, Enable Pulse Width <25 ps) Other Outputs 


Output Low Voltage 

(l|_oad “ l-G mAdc, Enable Pulse Width < 25 ps) 


Output High Current (Sourcing) 

(Vqh = 2.4 Vdc) 00-07 

Other Outputs 

(Vq =1.5 Vdc, the current for driving other than TTL, e.g., 

Darlington Basel PB0-PB7, CB2 


Output Low Current (Sinking) 
(Vql = 0-4 Vdc) 


Output Leakage Current (Off State) IROA, IRQB 

(Vqh = 2.4 Vdc) 


Power Dissipation 


Input Capacitance Enable 

(Vin = 0,TA = 25'='C, f= I.OMHzl 00-07 

PA0-PA7, PB0-PB7, CA2, CB2 

R/W, Reset, RSO, RSI , CSO, CS1 , CS2, CA1 , CB1 


Output Capacitance IROA, IRQB 

(Vin = 0, Ta = 25°C, f = I.OMHz) PB0-PB7 


Peripheral Data Setup Time (Figure 1) 


Delay Time, Enable negative transition to CA2 negative transition 
(Figure 2, 3) 


Delay Time, Enable negative transition to CA2 positive transition 
(Figure 2) 


Rise and Fall Times for CA1 and CA2 input signals (Figure 31 


Delay Time from CA1 active transition to CA2 positive transition 
(Figure 3) 


Delay Time, Enable negative transition to Peripheral Data valid 
(Figures 4, 5) 


Delay Time, Enable negative transition to Peripheral CMOS Data Valid 
(Vcc ~ 20% Vcc. Figure 4; Figure 12 Load C) PA0-PA7, CA2 


Delay Time, Enable positive transition to CB2 negative transition 
(Figures, 7) 


Delay Time, Peripheral Data valid to CB2 negative transition 
(Figure 51 


Delay Time, Enable positive transition to CB2 positive transition 
(Figure 6) 


Rise and Fall Time for CB1 and CB2 input signals (Figure 7) 


Delay Time, CB1 active transition to CB2 positive transition 
(Figure 7) 


Interrupt Release Time, IROA and IRQB (Figure 8) 


Reset Low Time* (Figure 9) 


•The Reset line must be high a minimum of 1.0 ms before addressing the PIA. 

MOTOROLA Semiconductor Products Inc. 
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MC6820 


MAXIMUM RATINGS 

Rating 

Supply Voltage 
Input Voltage 

Operating Temperature Range 
Storage Temperature Range 
Thermal Resistance 


Symbol 

1 Value 

Unit 

Vcc 

-0.3 to +7.0 

Vdc 

Vin 

-0.3 to +7.0 

Vdc 

Ta 

Oto+70 

°c 

^stg 

—55 to +150 

°c 

®JA 

82.5 

°C/W 


This device contains circuitry to protect the 
inputs against oamage due to high static volt- 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


BUS TIMING CHARACTERISTICS 

READ (Figures 10 and 12) 


Characteristic 


Enable Cycle Time 


Enable Pulse Width, High 


Enable Pulse Width, Low 


Setup Time, Address and R/W valid to Enable positive transition 


Data Delay Time 


Data Hold Time 


Address Hold Time 


Rise and Fall Time for Enable input 


WRITE (Figures 11 and 121 


Enable Cycle Time 


Enable Pulse Width, High 


Enable Pulse Width, Low 


Setup Time, Address and R/W valid to Enable positive transition 


Data Setup Time 


Data Hold Time 


Address Hold Time 


Rise and Fall Time for Enable input 


FIGURE 1 - PERIPHERAL DATA SETUP TIME 
(Read Model 


FIGURE 2 - CA2 DELAY TIME 
(Read Mode; CRA-5 = CRA-3 = 1, CRA-4 =■ 0) 


5 
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MAXIMUM RATINGS 

Rating 

Supply Voltage 

Input Voltage 

Operating Temperature Range 
Storage Temperature Range 
Thermal Resistance 


Symbol 

Value 

' Unit 

Vcc 

-0.3 to -f-T.O 

Vdc 

Vin 

-0.3 to +7.0 

Vdc 

Ta 

0 to +70 

“C 

Tstq 

-55 to +150 

°C 

9JA 

82.5 

?C/W 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher 
than maximum rated voltages to this high- 
impedance circuit. 






ELECTRICAL CHARACTERISTICS IVcc - 5.0 V ±5%, Vss ” 0. Ta " 0 to 70°C unless otherwise noted.) 


Characteristic 


Input High Voltage 


Input Low Voltage 


Input Leakage Current R/W,CS0,CS1,CS2,Enable 

(Vin = 0 to 5.25 Vdc) 


Three-State (Off State) Input Current D0-D7 

(Vin “ 0.4 to 2.4 Vdc) 


Output High Voltage D0-D7 

(I Load - -205 pAdc, Enable Pulse Width <25 ps) 

((Load “ -100 pAdc, Enable Pulse Width <25 ps) Tx Data, RTS 


Output Low Voltage 

((Load “1-5 mAdc, Enable Pulse Width <25 ps) 


Output Leakage Current (Off State) IRQ 

(V0H°2.4 Vdc) 


Power Dissipation 


Input Capacitance 

(V in = 0, Ta = 25°C, f = 1 .0 M Hz) D 0-D7 

E,Tx Clk, RxClk, R/W, RS, Rx Data, CSO, CS1, CS2,CTS, DCD 


Output Capacitance RT 

(Vin = 0, Ta = 25°C, f = 1.0 MHz) 


Minimum Clock Pulse Width, Low (Figure 1 ) 


Minimum Clock Pulse Width, High (Figure 2) 


Clock Frequency 

f-ie. 


Clock-to-Data Delay for Transmitter (Figure 3) 


Receive Data Setup Time (Figure 4) 


Receive Data Hold Time (Figure 5) 


Interrupt Request Release Time (Figure 6) 


Request-to-Send Delay Time (Figure 6) 


Input Transition Times (Except Enable) 


*1.0 ps or 10% of the pulse width, whichever is smaller. 

BUS TIMING CHARACTERISTICS 

READ (Figures 7 and 9) 


Characteristic 


Enable Cycle Time 


Enable Pulse Width, High 


Enable Pulse Width, Low 


Setup Time, Address and R/W valid to Enable positive transition 


Data Delay Time 


Data Hold Time 


Address Hold Time 


Rise and Fall Time for Enable input - 


WRITE (Figure 8 and 9) 


Enable Cycle Time 


Enable Pulse Width, High 


Ertable Pulse Width, Low 


Setup Time, Address and R/W valid to Enable positive transition 


Data Setup Time 


Data Hold Time 


Address Hold Time 


Rise and Fall Time for Enable input 


•j-1 Mode 
t 16, •f64 Modes 



RTS, Tx Data 
IRQ 
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MAXIMUM RATINGS 

■ . Rating 

Supply Voltage 

Input Voltage 

Operating Temperature Range 
Storage Temperature Range 
Thermal Resistance 


Symbol 

Value 

Unit 

Vcc 

-0.3 to -tT.O 

Vdc 

Vin 

-0.3 to -fT.O 

Vdc 

Ta 

0 to -t70 

oc 

Tstq 

-55 to-H50 

oc 

fljA 

70 

PC/W 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it it advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


ELECTRICAL CHARACTERISTICS (Vcc " 5.0 V ±5%, Vss “ 0, Ta “ 0 to 70OC unless otherwise noted.) 


Characteristic 


Input High Voltage 


Input Low Voltage 


Input Leakage Current Tx Clk , Rx Clk, Rx_ Data, Ectab le, 

(Vin = 0 to 5.25 Vdc) Reset, RS, R/W, CS, DCD, CTS 


Three-State (Off State) Input Current DO— D7 

(Vjn =■ 0.4 to 2.4 Vdc, Vcc = 5.25 Vdc) 


Output High Voltage Vqh 

(iLoad ” "205 pAdc, Enable Pulse Width <25ps) 00—07 Vss + 2.4 

('Load = -'00 AAdc, Enable Pulse Width <25ms) 

Tx Data, DTR, TUF Vss + 2.4 


Output Low Voltage 

(iLoad 1-6 mAdc, Enable Pulse Width '^25 us) 


Output Leakage Current (Off State) IRQ 

(Vqh = 2.4 Vdc) 


Power Dissipation 


Input Capacitance 

(Vin = 0, Ta = 25°C, f = 1.0 MHz) D0-D7 

All Other Inputs 


Output Capacitance Tx Da 

(Vjn = 0, Ta = 250C, f = 1.0 MHz) 


Minimum Clock Pulse Width, Low (Figure 1) 


Minimum Clock Pulse Width, High (Figure 2) 


Clock Frequency 


Receive Data Setup Time (Figure 3, 7) 


Receive Data Hold Time (Figure 3) 


Sync Match Delay Time (Figure 3) 


Clock-to-Data Delay for Transmitter (Figure 4) 


Transmitter Underflow (Figure 4,6) 


Tx Data, SM/DTR.TUF 
IRQ 




Interrupt Request Release Time (Figure 5) 


Reset Minimum Pulse Width 


CTS Setup Time (Figure 6) 


DCD Setup Time (Figure 7) 


Input Rise and Fall Times (except Enable) 
(0.8 V to 2.0 V) 


*1.0 ps or 10% of the pulse width, whichever is smaller. 



Vss + 0.8 


2.5 



FIGURE 1 - CLOCK PULSE WIDTH, LOW STATE 


FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE 
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BUS TIMING CHARACTERISTICS 

READ (Figures 8 and 10) 


Characteristic 


Enable Cycle Time 


Enable Pulse Width, High 


Enable Pulse Width, Low 


Setup Time, Address and R/W valid to Enable positive transition 


Data Delay Time 


Data Hold Time 


Address Hold Time 


Rise and Fall Time for Enable input 


WRITE (Figures 9 and 10) 


Enable Cycle Time 


Enable Pulse Width, High 


Enable Pulse Width, Low 


Setup Time, Address and R/W valid to Enable positive transition 


Data Setup Time 


Address Hold Time 


Rise and Fall Time for Enable input 





FIGURE 3 - RECEIVE DATA SETUP AND HOLD TIMES AND SYNC MATCH DELAY TIME 



FIGURE 4 - TRANSMIT DATA OUTPUT DELAY AND 

TRANSMITTER UNDERFLOW DELAY TIME 


FIGURE 5 - DATA TER MINAL READY AND INTERRUPT 
REQUEST RELEASE TIMES 
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FIGURE 6 - CLEAR-TO-SENO SETUP TIME 


FIGURE 7 - DATA CARRIER DETECT SETUP TIME 



FIGURE 8 - BUS READ TIMING CHARACTERISTICS 
(Read information from SSDA) 


FIGURE 9 - BUS WRITE TIMING CHARACTERISTICS 
(Write information into SSDA) 



FIGURE 10- BUS TIMING TEST LOADS 


Loa d A 

(D0-D7, DTR, Tx Data. TUF) 



MMD6150 
or Equiv. 


MMD7000 
or Equiv. 


C “ 130 pF fo r D0- D7 R = 11.7 kO f or D0 -D7 

“ 30 pF for DTR, Tx Data, and TUF = 24 kfl for DTR, Tx'Data, and TUF 
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MAXIMUM RATINGS 

This device contains circitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maximum 
rated voltages to this high-impedance circuit. 


ELECTRICAL CHARACTERISTICS (V^c = s o V ±5%. V 5 S = 0 . = 0 to 70°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input High Voltage 

V|H 

Vss +2.0 

- 

vcc 

Vdc 

Input Low Voltage 

V|L 

Vss -0.3 

- 

Vss +0-8 


Input Leakage Current 


*in 

- 

1.0 

2.5 

pAdc 

(Vjn = Oto 5.25 V) 







Three-State (Off State) Input Current 

00-07 

Itsi 

- 

2.0 

10 

pAdc 

(V|n = 0.4 to 2.4 VI 







Output High Voltage 


Vqh 




Vdc 

^hoad ~ “205 /iA) 

00-07 


Vss +2.4 


- 


(hoad “ 

Other Outputs 


Vss +2.4 


- 


Output Low Voltage 


VOL 




Vdc 

^ hoad “1-6 mA) 

00-07 


- 

- 

Vss +0-4 


load “ ^*2 mA) 

01 -03, IRQ 


- 

- 

Vss +0-4 


Output Leakage Current (Off State) 

iWo 

• loh 

- 

1.0 

10 

/lAdc 

(Vqh = 2.4 Vdc) 







Power Dissipation 

Pd 

- 

- 

550 

IIQ2H 

Input Capacitance 


Cjn 




pF 

(Vjn “ 0, Ta = 25°C, f = 1 .0 MHz) 

00-07 


- 


12.5 



All others 


- 


7.5 


Output Capacitance 


Cout 




pF 

(Vin = 0, Ta - 25°C, f = 1 .0 MHz) 

IRQ 


- 


5.0 



01, 02, 03 


— 


10 



Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

^in 

-0.3 to +7.0 

Vdc 

Operating Temperature Range 

Ta 

Oto+70 

°C 

Storage Temperature Range 

Tstg 

-55 to +150 

°c 

Thermal Resistance 

«ja 

82.5 

°C/W 


BUS TIMING CHARACTERISTICS 


Characteristic | Symbol | Min | Max | Unit | 

READ (See Figures 2 and 8) 


Enable Cycle Time 

*cycE 

1.0 

10 

MS 

Enable Pulse Width, High 

PWeh 

0.45 

4.5 

MS 

Enable Pulse Width, Low 

PWel 

0.43 

-■ ■ 

MS 

Setup Time, Address and R/W valid to enable positive transition 

lAS 

160 

- 

ns 

Data Delay Time 

IDDR 


320 

ns 

Data Hold Time 

IH 

10 

- 

ns 

Address Hold Time 

fAH 

10 

- 

ns 

Rise and Fall Time for Enable input 

tEr. tEf 

- 

25 

ns 


WRITE (See Figures 3 and 8) 


Enable Cycle Time 

1 IcycE 1 

1.0 

10 

MS 

Enable Pulse Width, High 


0.45 

4.5 

MS 

Enable Pulse Width, Low 

PWel 

. 0.43 

- 

MS 

Setup Time, Address and R/W valid to enable positive transition 

lAS 

160 

- 

ns 

Data Setup'Time 

fosw 

195 

- 

ns 

Data Hold Time 

tH 

10 

- 

ns 

Address Hold Time 

lAH 

10 

- 

ns 

Rise and Fall Time for Enable input 

HSDH 

- 

25 

ns 


MOTOROLA Semiconductor Products Inc. 
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AC OPERATING CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Rise and Fall Times 

C, G and Reset 

«r.«f 

- 

1.0* 

MS 

Input Pulse Width Low (Figure 4) 

C, 5 and Reset 

PWl 



- 

ns 

Input Pulse Width High (Figure 51 


PWh 

•cycE + tsu + 

thd 

- 

ns 

Input Setup Time (Figure 6) 

C, G and Reset 

tsu 

200 


_ 

ns 

(Synchronous Mode) 

C3 (tS Prescaler Mode only) 


. - 


“ 


Input Hold Time (Figure 6) 

C, G and Reset 

thd 

50 


_ 

ns 

(Synchronous Mode) 

C3 (-1-8 Prescaler Mode only) 


- 


- 


Output Delay, 01—03 (Figure 7) 







(VoH = 2.4 V, Load A) 

TTL 


- 


700 

ns 

(Vqh = 2.4 V, Load C) 

MOS 


- 


450 

ns 

(VoH = 0.7Vdd, Load C) 

CMOS 


- 


2.0 

MS 

Interrupt Release Time 

*IR 


1.6 

MS 


'tf and tf < 1 X Pulse Width or 1 .0 us, whichever is smaller. 



FIGURE 4 - INPUT PULSE WIDTH LOW FIGURE 5 - INPUT PULSE WIDTH HIGH 
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MC6844 


MAXIMUM RATINGS 

Rating 

Supply Voltage 
Input Voltage 

Operating Temperature Range 
Storage Temperature Range 
Thermal Resistance 
• In respect to Vjs- 


Symbol 

Value 

Unit 

Vcc* 

-0.3 to +7.0 

Vdc 

Vin* 

-0.3 to +7.0 

Vdc 

Ta 

0 to +70 

°C 

T$tg 

-55 to +150 

°C 

RflJA 

82.5 

“C/W 


Permanent device damage may occur 
if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should 
be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to 
higher than recommended voltages for 
extended periods of time could affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+4.75 to +5.25 

Vdc 

Input Voltage 

V|L 

V|H 

-0.3 to +0.8 
2.0 to Vcc 

Vdc 

Operating Ambient Temperature Range 

Ta 

Oto +70 

°c 


ELECTRICAL CHARACTERISTICS (Vcc - 5.0 V ±5%, Vss “ 0. “ -20 to +75°C unless otherwise noted) 


Input High Voitage 


Input Low Voltage 


Input Leakage Current TxiRQO' 

(Vfn =0 to 5.25 V) 


Three-State Leakage Current 
(Vin =0.4to2.4 V) 


Output High Voltage 
(iLoad - -205 pAdc) 
('Load = -145 pAdc) 

<lLoad = -100pAdc) 


Output Low Voltage 
('Load = 1-6 rnAdc) 


Source Current 

(V|n = 0 Vdc, Figure 10) 


Power Dissipation 


Capacitance 

(Vin = 0, Ta = 25°C, f = 1 .0 MHa) 


TxiRQ0-3,()>2 DMA, RES, DGRNT 


A0-A15, R/W 
D0-D7 


D0-DJ7 
AO-15, R/W 
All Others 


<l>2 DMA 

D0-D7, CS, A0-A4, R/W 
All Others 


Symbol Min 


V|H Vss +2.0 


V|L Vss -0-3 


'in 
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BUS TIMING CHARACTERISTICS (Load Condition Figure 11) 


Characteristic 




READ TIMING (Figure 4) 


Address Setup Time 


Address Input Hold Time 


Data Delay Time 


Data Access Time 


Data Output Hold Time 


WRITE TIMING (Figure 4) 


Address Setup Ti 


Address Input Hold Time 


Data Setup Time 


Data Input Hold Time 


CLOCK TIMING 


A0-A4, R/W,CS 


A0-A4, R/W,CS 


D0-D7 


D0-D7 


D0-D7 




A0-A4, R/W,CS 


D0-D7 


D0-D7 



^ DMA (See Figure 4) 


Cycle Time 


Pulse Width— High 
Low 


Rise and Fall Time 


DMA TIMING (Load Condition Figure 11) 


Tx RQ Setup Time (Figure 5) 
02 DMA Rising Edge 
02 DMA Falling Edge 


Tx RQ Hold Time (Figure 5) 
02 DMA Rising Edge 
02 DMA Falling Edge 


DGRNT Setup Time (Figure 61 


DGRNT Hold Time (Figure 6) 


Address Output Delay Time (Figure 15) A0-A15, R/W, Tx STB 


Address Output Hold Time (Figure 15) AO-15, R/W 

TxSTB 


Address Three-State Delay Time (Figure 8) A0-A15, R/W 


Address Three-State Recovery Time ( Figure 8) 


Delay Time (Figure 7) 


Tx AK Delay Time 

02 DMA Rising Edge (Figure 7) 
DGRNT Rising Edge (Figure 10) 


IRQ/DEND Delay Time 

02 DMA Falling Edge (Figure 8) 
DGRNT Rising Edge (Figure 10) 


DRQH.DRQT 
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MC6844 


FIGURE 4 - READ/WRITE OPERATION SEQUENCE 


‘■2.0 V ^ r2.0 V 


A0-A4 (Input) 

R/W (Input) 

CS (Input) 

D0-D7 (Output) 
(Read Operation) 


^DDR— H 
[-►‘ACC* 


FIGURE 7 - DRQH, DRQT, Tx AK OUTPUT TIMING 

V 


DRQH, DRQT 


Tx AKA 

CS/Tx AKB (Output) 


FIGURE 8 - ADDRESS, IRQ/DEND OUTPUT TIMING 


D0'07 (Input) 
(Write Operation) 


<P2 DMA 

‘TQS1- 


FIGURE 5 - Tx RQ INPUT TIMING 

Tha.ov \ 



‘TQS2-H 

|— ‘TQH1 


□ 

‘•2.0V 

0.8 V ,. JS 

r2.ov ■ 
Lo.bv . 


FIGURE 6 - DGRNT INPUT TIMING 
Setup Timing 

02 DMA “A JF 



DGRNT /2.0 V 


A0-A15 (Output) 

R/W (Output), Tx STB 


. . 1 






■2.4 V 
_0.4 V 


-^‘DEDI 



:-2.4 V 
i , 0.4 V 


FIGURE 9 - ADDRESS THREE-STATE TIMING 


02 DMA 
(or DGRNT) 


A0-A15, R/W 


02 DMA 
(or DGRNT) 


A0-A15, R/W 



Hold Timing 
02 DMA 



FIGURE 10-TxAKB, IRQ/DEND 
OUTPUT TIMING FROM DGRNT INPUT 


CS/Tx AKB (Output) 



/IfOTOFIO^A Semiconductor Products Inc. 
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FIGURE 1 1 - TEST LOADS 


FIGURE 12-CS/TxAKB 
SOURCE CURRENT TEST CIRCUIT 




MAXIMUM RATINGS 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
is is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

Vjn 

-0.3 to +7.0 

Vdc 

Operating Temperature Range 

Ta 

0 to +70 

oc 

Storage Temperature Range 

Tstq 

-55 to +150 

oc 

Thermal Resistance 

Oja 

70 

oc/w 


ELECTRICAL CHARACTERISTICS (Vcc “ 5.0 V t 5%, Vss “ 0. T/^ = 0 to 70°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input High Voltage 

All Inputs 

VlH 

Vss + 2.0 

- 

Vcc 

Vdc 

Input Low Voltage 

All Inputs 

V|L 

Vss -0.3 

- 

Vss + 0.8 

Vdc 

Clock Overshoot/Undershoot — Input High Level 


Vos 

Vcc — 0.5 

- 

Vcc + 0.5 

Vdc 

— Input Low Level 



Vss —0.5 

- 

Vss + 0.5 


Input Leakage Current 

R/W.'Risit, CSO, CS1 


- 

1.0 

2.5 

pAdc 

(V|n = 0 to 5.25 Vdc) CPI , CTG, CTC, E, A0-A10 






Three-State (Off State) Input Current 

D0-D7 

•tsi 

- 


10 

pAdc 

(V|n 0.4 to 2.4 Vdc) 

PP0-PP7, CP2 



mm 



Output High Voltage 


VoH 




Vdc 

Load = -205 /lAdc,) 

D0-O7 


Vss 2.4 


- 


••Load ” -200 pAdc) 

Other Outputs 


Vss + 2.4 

H 

"" 


Output Low Voltage 


VoL 




Vdc 

••Load ” 1-6 nnAdc) 

D0-D7 


- 


Vss + 0.4 


(1 Load *” 3.2 mAdc) 

Other Outputs 


- 


Vss + 0.4 


Output High Current (Sourcing) 


•OH 




pAdc 

(VoH = 2.4 Vdc) 

00-07 


-205 


- 



Other Outputs 


-200 




(Vq *1.5 Vdc, the current for driving other than TTL, e.g.. 






Darlington Base) 

CP2, PP0-PP7 


-1.0 


-10 

mAdc 

Output Low Current (Sinking) 


•OL 




mAdc 

(VoL = 0.4Vdc) 

00-07 


1.6 


- 



Other Outputs 


3.2 


- 


Output Leakage Current (Off State) 

Trq 

•loh 

- 

- 

10 

pAdc 

•VoH “ 2.4 Vdc) 







Power Dissipation 

Pd 

- 

- 

1000 

mW 

Capacitance 


Cin 

- 


20 

pF 

(Vjn = 0, Ta = 25°C, f = 1.0 MHz) 

00-07 


- 


12.5 



PP0-PP7, CP2 


- 


10 


A0-A10, R/W, Reset, CSO, CS1, CPI, CTC, CTG 


- 


7.5 



IRQ 







PP0-PP7, CP2, CTO 

Cout 



5.0 

pF 





- 

10 


Frequency of Operation 

f 

0.1 

- 

1.0 


Clock Timing 







Cycle Time 


tcycE 

1.0 

- 

- 

MS 

Reset Low Time 


*RL 

2 

- 

- 

MS 

Interrupt Release 


t|R 

- 

- 

1.6 

MS 


(g) 


MGTOnGLA Semiconductor Products Inc. 
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MC6846 


READ/WRITE TIMING (Figures 3 and 4) 


Characteristic 


Enable Pulse Width, Low 


Enable Pulse Width, High 


Set Up Time (Address CSO, CS1, R/W) 


Data Delay Time 



Addreu Hold Time 


Rise and Fail Time 


Data Set Up Time 


BUS TIMING 

Peripherai I/O Lines 


Characte 


Peripheral Data Setup . 


Rise and Fall Times CPI , CP2 


Delay Time E to CP2 Fall 


Delay Tme I/O Data CP2 Fall 


Delay Time E to CP2 Rise 


Delay Time CPI to CP2 Rise 


Peripheral Data Delay 


Peripheral Data Setup Time for Latch 


Peripheral Data Hold Time for Latch 


Timer-Counter Lines 


Input Rise and Fall Time CTC and CTG 

tCR.fCF 

Input Pulse Width High 
(Asynchronous Mode) 

tPWH 

Input Pulse Width Low 
(Asychronous Mode) 

*PWL 

Input Setup Time 

(Synchronous Mode) 

tsu 

Input Hold Time 

(Synchronous Mode) 

thd 

Output Delay 

tCTO 



FIGURE 3 - BUS READ TIMING 
Read Information from MC6846) 


FIGURE 4 - BUS WRITE TIMING 
(Write Information from MPU) 
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Chapter 10 

THE MOS TECHNOLOGY MCS6500 


In many ways the MCS6500 microcomputer systems can be compared to the Zilog Z80, which we described in 
Chapter 7. Just as the Z80 is an enhancement of the 8080A, which is described in Chapter 4, so MOS Tech- 
nology's products are enhancements of the MC6800, which we described in Chapter 9. 

But there are some interesting conceptual differences between the way MOS Technology went about enhanc- 
ing the MC6800, as compared to the product enhancement philosophy adopted by Zilog. 

The Z80 is indeed an enhancement of the 8080A, but only to the extent that the 808dA instruction set is a 
subset of the Z80 instruction set; there are architectural similarities between the Z8d and the 8d8dA, but 
System Bus philosophies are markedly different. It would be hard to look upon the Z8d as simply another mem- 
ber of the 8d8dA family of microcomputer devices. 

The MCSGSdd product line, by way of contrast, can be looked upon as a CPU whose philosophical concepts 
agree closely with the MC68dd product line — without being in any way compatible, either in terms of instruc- 
tion set or System Bus philosophy. While on the surface it may appear as though MCS6500 CPUs represent some 
® form of an MC6800 superset, this is not the case. System Busses are sufficiently different that you could not consider 
replacing an MC6800 CPU with an MCS6500 equivalent, leaving other logic unaltered. Instruction sets are similar, but 
deceptively so. In reality, the instruction sets are sufficiently different that converting an MC6800 source program to its 
MCSeBOO equivalent is no simple task. It would be completely impossible to take an MC6800 program ROM and use it 
to drive an MCS6500 CPU. Recall that you can take an 8080A program ROM and use it to drive a Z80 CPU. 

Since this chapter is devoted to the MOS Technology product line, let us begin by summarizing the components 
of this product line, and the principal CPU enhancements that have been made. 

The MOS Technology devices described in this chapter consist of nine CPUs, plus two support circuits. A third support 
circuit is described in Chapter 9. 

The nine CPUs share the same instruction set and addressing modes, but have minor differences in packaging and 
system interface. Table 10-1 summarizes the nine CPUs. 

The two support circuits which are described in this chapter are the MCS6522 Peripheral Interface Adapter and the 
MCS6530 combination logic device. Another PIA, the MCS6520 PIA, is identical to the MC6852 PIA: for a description 
of this device see Chapter 9. 

MCS6500 support devices are described in this chapter rather than in Volume 3, because, like the MC6800, the 
MCS6500 relies on a synchronizing clock signal. While it would be possible to use MCS6500 support devices 
with other microprocessors, the extra logic needed in order to create MCS6500 compatible bus interfaces 
would not be sufficiently rewarded by the specific capabilities of the support parts themselves. MCS6500 sup- 
port devices can be used with MC6800 microprocessors and, conversely, MC6800 support devices can be used with 
the MCS6500 CPU. 

In order to enhance the MC6800 CPU, MOS Technology made a number of useful yet obvious instruction set 
changes; they also made a number of subjective architectural changes which might have significant impact in 
particular applications, but which in general result in products that adhere quite closely to MC6800 philosophy. 

The most important enhancement that MOS Technology has made is to develop a whole family of CPU devices. 

The second most important feature of the MCS6500 line of CPU devices is the fact that the MCS650X series 
CPUs contain on-chip clock logic; therefore, when using these CPUs, you do not need an MC6870 series clock device. 
However, you will need an external crystal oscillator or RC network — which is typical of any microprocessor with on- 
chip clock logic. 

Another important feature of all MCS6500 series CPUs is that you cannot float the Address and Data Busses 
separately during 4>1 high and <&1 low clock pulses, and there is no HALT condition. Also, you cannot stretch 
clock pulses. Slow memories are accommodated in the more traditional manner, by allowing you to insert extra 
machine cycles, equivalent to 8080A Wait states. 
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If you are making extensive use of clock stretching, or DMA data transfers during Halt states, in an MC6800 microcom- 
puter systerh, switching to an MCS6500 CPU will require considerable system redesign. 

In order to refresh dynamic memory in an MCS6500 system, you must "steal" machine cycles by inserting Wait 
states, as you would for slow memories. 

MOS Technology, the principal manufacturer of the MCS6500 product line, is located at: 

MOS TECHNOLOGY. INC. 

950 Rittenhouse Road 
Norristown, PA 19401 

Second sources are: 

SYNERTEK. INC. 

1901 Old Middlefield Way 
Mountain View, CA 94043 

ROCKWELL INTERNATIONAL 
Microcomputer Division 
337 Miraloma Avenue 
Anaheim, CA 92803 

The MCS6500 devices use a single -i-5V power supply. Using a 1 microsecond clock, instruction execution 
times range from 2 to 12 microseconds. 

All MCS6500 devices have TTL compatible signals. 

N-channel, silicon gate, depletion load MOS technology is used for MCS6500 devices. 


THE MCS6500 SERIES CPUs 

Functions implerriented on each of the MCS6500 CPUs are illustrated in Figure 10-1. As this figure would imply, 
capabilities offered by the various MCS6500 CPUs differ in scope rather than function. 


Table 10-1. A Comparison of MCS6500 Series and the MC6800 CPU Devices 


CPU 

. , CPU PINS AND SIGNALS 

PINS 

COMMENTS 

ADDRESS BUS 

DATA BUS . 

1 

i 

$ 

> 

O 

tc 

g 

3 

SYNC 


S2 

cc 

a 

8 

R/W 

UJ 

03 

Q 

6502 

A0-A15 

D0-D7 

1 

0 


1 

1 

1 

0 

1 

1 

0 


40 

This is the on-chip-clock version of the 6512. 

6503 

A0-A11 

D0-D7 

1 




1 

1 


i 


0 


28 

This is the on-chip-clock version of the 6513. 

6504 

A0-A12 

D0-D7 

1 




1 


1 

1 


b 


28 

This is the on-chip-clock version of the 6514. 

6505 

A0-A11 

D0-D7 

1 



1 

1 



1 


0 


28 

This is the on-chip-clock version of the 6515. 

6506 

A0-A11 

D0-D7 

1 

0 



1 



1 


0 


28 

On-chip-clock version, 4K memory, IRQ,' <|)1 (out) and <I>2 (out). 

6512 

A0-A15 

D0-D7 


1 

I/O 

1 

1 

1 

0 

1 

1 

0 

1 

40 

This CPU is most like the MC6800. The HALT, VMA, TSC and BA signals 
















are not present. SYNC, SO, <1>2 (out) and RDY are added. 

6513 

A0-A11 

D0-D7 


1 

1 


1 

1 


1 


0 

1 

28 

4K memory with IRQ and NMI. 

6514 

A0-A11 

D0-D7 


1 

i 


1 



1 


0 


28 

8K memory with IRQ. 

6515 

A0-A11 

D0-D7 


1 

1 

1 

1 



1 


0 


28 

4K memory with IRQ and RDY. 

MC6800 

A0-A15 

D0-D7 


1' 

1 


1 

1 


1 


0 

1 

40 

The MC6800 TSC, VMA, BA and HALT signals are not implemented on 





_ 











any MCS6500 CPU. 


•The second neme is the nsme used by MC6800 literature for the seme signet. 

Within CPU PINS AND SIGNALS columns, I identifies an input signal present, 0 identifies an output signal present, I/O identifies a signal 
that appears twice, at two pins, one as an input, the other as an output. 
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650X Devices Only 



The MC6800 has two Accumulators; the MCS6500 has just one. 

The Index register represents a significant departure from the MC6800. The MCS6500 breaks one 16-bit Index 
register into two 8-bit Index registers. 

The MCS6500 Stack Pointer also represents a significant departure from MC6800 architecture. The MC6800 Stack 
Pointer is 16 bits wide, which means that the Stack may be located anywhere in memory, and may be of any length. 
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The MCS6500 Stack Pointer is 8 bits wide, which means that maximum Stack length is 256 bytes. The CPU al- 
ways inserts 01 10 as the high-order byte of any Stack address, which means that memory locations OIOO 10 through 
OIFF 10 are permanently assigned to the Stack: 


01 I XX 


J SP 


01 XX is the Stack address 

There is nothing very significant about the shorter MCS6500 Stack Pointer if you are using this CPU as a stand- 
alone product. A 256-byte Stack is usually sufficient for any typical microcomputer application; and its location in 
early memory simply means that low memory addresses must be implemented as read/write memory. If you are 

transferring from an MC6800 to an MCS6500, however, there are two very important consequences of the 
shorter MCS6500 Stack Pointer. 

The first and most important consequence is that you are unlikely to be so lucky as to have implemented the MC6800 
Stack within the address space that the MCS6500 requires. Therefore, you will have to reassemble MC6800 programs, 
repartitioning memory in order to run the same programs in an MCS6500 microcomputer system. 

A less obvious consequence of a shorter MCS6500 Stack Pointer is the fact that many MC6800 programs use the Stack 
Pointer as an alternate Index register. If you have used the Stack Pointer in this way when writing programs for an 
MC6800 microcomputer system, the program conversion, when going to an MCS6500 system, could be significant. 

The MCS6500 Program Counter is a typical program counter, identical to the MC6800 implementation. 

MCS6500 MEMORY ADDRESSING MODES 

MCS6500 memory reference instructions use direct addressing, indexed addressing, and indirect addressing. 
The MC6800 has no indirect addressing and different indexed addressing. 

The MC6800 and MCS6500 have identicai direct addressing. Three-byte instructions use the second and third 
bytes of the object code to provide a direct, 16-bit address; therefore, 65,536 bytes of memory can be addressed 
directly. The commonly used memory reference instructions also have a two-byte object code variation, where the sec- 
ond byte directly addresses one of the first 256 bytes of memory. 

MCS6500 direct indexed addressing differs markedly from MC6800 indexed addressing. 

The MCS6500 offers base page, indexed addressing. In this case, the instruction has two bytes of object code. The 
contents of either the X or Y Index registers are added to the second object code byte in order to compute a memory 
address; Jhis may be illustrated as follows; 

PROGRAM 

MEMORY 


) Two-byte instruction 
) object code 


X or Y Index 
register 

XX 


\ 




OP 

^ 1 

p p 




Effective address = XX + PP 
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Base page, indexed addressing, as illustrated above, is wraparound — which means that there is no carry. If the sum of 
the Index register and second object code byte contents is more than FF-) 5 , the carry bit will be discarded. This may be 
illustrated as follows; 



Absolute indexed addressing is also provided. In this case, the contents of either the X or the Y Index register are ad- 
ded to a 1 6-bit direct address provided by the second and third bytes of an instruction's object code. This may be il- 
lustrated as follows; 


PROGRAM 

MEMORY 



Three-byte instruction 
object ode 


@ 




Effective address = PPQQ + XX 



Indirect addressing represents a feature of the MCS6500 which the MC6800 does not have. Instructions that 
use simple indirect addressing have three bytes of object code. The second and third object code bytes provide a 
16-bit address; therefore, the indirect address can be located anywhere in memory. This is straightforward indirect ad- 
dressing, as described in Volume 1, Chapter 6. 

MCS6500 indirect, indexed addressing comes in two forms: there is pre-indexed indirect addressing and there 
is post-indexed indirect addressing. 

In each case the instruction object code is two bytes long and the second object code byte provides an 8-bit address. 

Instructions with pre-indexed indirect addressing add the contents of the X Index register and the second ob- 
ject code byte to access a memory location in the first 256 bytes of memory, where the indirect address will be found; 


DATA 

MEMORY 


(in base page) 
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When using pre-indexed indirect addressing, once again wraparound addition is used, which means that when the X 
Index register contents are added to the second object code byte, any carry will be discarded. Note that only the X In- 
dex register can be used with pre-indexed indirect addressing. 

The Y Index register is used for post-indexed indirect addressing; now the second object code byte identifies a 
location in the first 256 bytes of memory where an indirect address will be found. The contents of the Y Index register 
are added to this indirect address. This may be illustrated as follows; 

DATA 

MEMORY 


(in base page) 



Note that only the Y Index register can be used with post-indexed indirect addressing. 

MCS6500 Branch and Branch-on-Condition instructions use program relative, direct addressing as described for 
the MC6800. These instructions have two bytes of object code. The second object code byte is treated as an 8-bit, 
signed binary number, which is added to the Program Counter after the Program Counter contents have been incre- 
mented to address the next sequential instruction. This allows displacements in the range -f 127 through -128 bytes 
from the next instruction. 

f. 

The MCS6500 literature uses the term implied addressing, as Motorola’s MC6800 literature does, to describe instruc- 
tions that identify one of the programmable registers. The IVICS6500 does not have implied addressing as the term 
IS used in this book. 

MCS6500 STATUS FLAGS 

The MCS6500 has a Status register which maintains six status flags and a master interrupt control bit. These 
are the six status flags: 

Carry (C) 

Zero (Z) 

Overflow (0) 

Sign (S) 

Decimal Mode (D) 

Break (B) 

Statuses are assigned bit positions within the Status register as follows: 


7 6 5 4 3 2 1 0 ^ -Bit No. 

|s|0| |b |D( I Status Register MCS6500 


7 6 5 4 3 2 1 0 Bit No. 

I I 1^1 I |s|zjo|[cT -^ Status Register MC6800 
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In the illustration above, MCS6500 statuses and status bit assignments that differ from MC6800 equivalents have been 
shaded. 

The Carry, Zero and Sign statuses are standard and are identical in function to those of the MC6800. 

Carry represents any carry out of bit 7 during arithmetic or logical operations. 

Zero is set to 1 when any arithmetic or logical operation results in a 0 value. Zero is set to 0 otherwise. 

The Sign status will acquire the value of the high-order (Sign) bit of any arithmetic operation result. Thus, a Sign status 
value of 1 identifies a negative result and a Sign status of 0 identifies a positive result. The Sign status will be set or 
reset on the assumption that you are using signed binary arithmetic. If you are not using signed binary arithmetic, you 
can ignore the Sign status, or you can use it to identify the value of the high-order result bit. 

The Decimal Mode and Break statuses have no MC6800 equivalent. 

The Decimal Mode status, when set, causes the Add-with-Carry and Subtract-with-Carry instructions to per- 
form BCD operations. Thus, when the Decimal Mode status is set and an Add-with-Carry or Subtract-with-Carry in- 
struction is executed, CPU logic assumes that both source 8-bit values are valid BCD numbers — and the result gener- 
ated will also be a valid BCD number. Because MCS6500 CPUs perform decimal addition and subtraction, there is no 
need for an Intermediate Carry status. This status is used for decimal adjust operations only, as described in Volume 1 . 

The Break status pertains to software interrupts. MCS6500 supports software interrupts, just as the MC6800 does. 
When a software interrupt is executed, however, MCS6500 CPU logic will set the Break status flag. 

I is a standard master interrupt enable/disable flag. When I equals 1. interrupts are disabled: when I equals 0, inter- 
rupts are enabled. 

The Overflow status is a typical overflow, except that it can also be used as a control input. Recall that an Over- 
flow status represents a carry when performing signed binary arithmetic. The Overflow status has been discussed in 
detail in Volume 1: it equals the exclusive-OR of carries out of bits 6 and 7 when performing arithmetic operations. 
Some MCS6500 CPUs allovv external logic to set or reset the Overflow status, in which case it can be used subse- 
quently as a general logic indicator: you must be very careful when using the Overflow status in this way, since the 
same status flag will be modified by arithmetic instructions. It is up to you, as a programmer, to make sure that an in- 
struction which modifies the Overflow status is not executed in between the time external logic sets or resets this 
status, and subsequent program logic tests it. 

MCS6500 CPU PINS AND SIGNALS 

Figures 10-2 through 10-10 illustrate pins and signals for the nine CPUs of the MCS6500 family. Shaded pins in 
Figures 10-2 and 10-7 identify signals which are identical to the MC6800, both in pin location and signal type. 
Most of the 28-pin MCS6500 series CPUs have signals which are identical to those of the MC6800; however, 
between a 40-pin DIP and a 28-pin DIP, it is impossible to talk about pin compatibility. 

MCS6500 signals may be divided between those that have MC6800 equivalents and those that do not. We are going to 
describe all of the MCS6500 series signals, as a group. In order to determine which signals are available on the 
different MCS6500 CPUs, see Table 10-1. 

Let us begin with the signals which are direct reproductions of MC6800 signals. 
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Pin Name 

Description 

Type 

R/W 

Read /Write control 

Output 

IRQ 

Interrupt request 

Input 

nmI 

Non-maskable interrupt 

Input 

RESET 

Reset 

Input 

<10 

CPU clock 

■ Input 

4>1, <t>2 

System clocks 

Output 

DBO - DB7 

Data Bus 

Tristate, bidirectional 

ABO- AB15 

Address Bus 

Output 

RDY 

Sngle cycle control 

Input 

SO 

Set Overflow flag 

Input 

SYNC 

Identify op code fetch cycle 

Output 

vcc vss 

Power and Ground 



Figure 10-2. MCS6502 Signals and Pin Assignments 



Pin Name 

Description 

Type 

R/W 

Read/Write control 

Output 

IRQ 

Interrupt request 

Input 

NMI 

Non-maskable interrupt 

Input 

RESET 

Reset 

Input 

•to 

CPU clock 

Input 

<t>2 

System clock 

Output 

DBO - DB7 

Data Bus 

Tristate, bidirectional 

ABO-ABII 

Address Bus 

Output 

Vcc. Vss 

Power and Ground 



Figure 10-3. MCS6503 Signals and Pin Assignments 
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RESET 

VSS 

IRQ 

Vcc 

ABO 

AB1 

AB2 

AB3 

AB4 

AB5 

AB6 

AB7 

ABB 

AB9 



Pin Name Description 


Type 


R/W Read/Write control 

IRQ Interrupt request 

RESET Reset 

40 CPU clock 

4>2 System clock 

DBO - DB7 Data Bus 

AB0-AB12 Address Bus 

Vcc Vss Power and Ground 


Output 

Input 

Input 

Input 

Output 

Tristate, bidirectional 
Output 


Figure 10-4. MCS6504 Signals and Pin Assignments 



Pin Name 

Description 

Type 

R/W 

Read /Write control 

Output 

IRQ 

Intemipt request 

Input 

RESET 

Reset 

Input 

40 

CPU clock 

Input 

4>2 

System clock 

Output 

DBO - DB7 

Data Bus 

Tristate,, bidirectional 

ABO- AB11 

Address Bus 

Output 

RDY 

Single cycle control 

Input 

Vcc Vss 

Power and Ground 



Figure 10-5. MCS6505 Signals and Pin Assignments 
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MCS6506 


4)2 

•K) 

R/W 

DBO 

OB1 

DB2 

DBS 

DB4 

DBS 

DB6 

DB7 

AB11 

AB10 

AB9 


Pin Name 
R/W 

m 

RESET 

4)0 

4)1, 4)2 
DBO - DB7 
ABO- AB11 
VCC, VSS 


Description 

Read/Write control 
Interrupt request 
Reset 
CPU clock 
System clocks 
Data Bus 
Address Bus 
Power and Ground 


Type 

Output 

Input 

Input 

Input 

Output 

Tristate, bidirectional 
Output 


Figure 10-6. MCS6506 Signals and Pin Assignments 



Pin Name 

Description 

Type 

DBE 

Data Bus Enable 

Input 

R/W 

Read/Write control 

Output 

IRQ 

Interrupt request 

Input 

NMl' 

Non-maskable interTupt 

Input 

RESET 

Reset 

Input 

4)1, 4)2 

CPU clocks 

Input 

4)2 (OUT) 

System clock 

Output 

DBO - DB7 

Data Bus 

Tristate, bidirectional 

AB0-AB15 

Address Bus 

Output 

RDY 

Single cycle control 

Input 

SO 

Set Overflow flag 

Input 

SYNC 

Identify op code fetch cycle 

Output 

vcc. vss 

Power and Ground 



Figure 10-7. MCS6512 Signals and Pin Assignments 
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Rn Name 

Description 

Type 

R/W 

Read /Write control 

Output 

IRQ 

Interrupt request 

Input 

N^ 

Non-maskable interrupt 

Input 

RESET 

Reset 

Input 

<l>1, ‘t>2 

CPU clocks 

Input 

OBO - DB7 

Data Bus 

Tristate, bidirectional 

ABO- ABII 

Address Bus 

Output 

vcc, vss 

Power and Ground 



Figure 10-8. MCS6513 Signals and Pin Assignments 



Rn Name 

Description 

Type 

R/W 

Read /Write control 

Output 

IRQ 

RESET 

Interrupt request 

Reset 

Input 

input 

^>1, <I>2 

CPU clocks 

Input 

DBO - DB7 

Data Bus 

Tristate, bidirectional 

ABO - AB12 

Address Bus 

Output 

Vcc. Vss 

Power and Ground 



Figure 10-9. MCS6514 Signals and Pin Assignments 
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DATA BUS ENABLE (DBE). Only the MCS651 2 CPU supports this signal. This signal is input low in order to float the 
Data Bus. DBE is frequently tied to the $2 clock input, in which case 02 and DBE are identical signals. 

READ/WRITE (rAw). When high, this signal indicates that the CPU wishes to read data off the Data Bus: when low, 
this signal indicates that the CPU is outputting data on the Data Bus. The normal standby state for this signal is "read" 
(high). 

INTERRUPT REQUEST (IRQ). This signal is used by external logic to request an interrupt. If interrupts have been 
enabled, then the CPU will acknowledge an interrupt at the end of the currently executing instruction. There is a small 
difference between MCS6500 and MC6800 interrupt acknowledge logic. The MC6800 cannot acknowledge an in- 
terrupt while it is in the Halt state. The MCS6500 has no Halt state, therefore this situation cannot arise. 

NONMASKABLE INTERRUPT (Nml). This signal differs from IRQ in that it cannot be inhibited. Typically this input is 
used for catastrophic interrupts such as power failure. 

RESET. This is a typical RESET signal. Reset logic within an MCS6500 microcomputer system is identical to Reset logic 
within an MC6800 microcomputer system. 

Next consider MC6800 signals which are the same on some MCS6500 CPUs, but not on others. 

The ciock signals 01 and $2 are identical to MC6800 clock signals for the MCS651X series CPUs. These CPUs 
require external clock signals whose waveforms are identical to the MC6800. The MCS650X series CPUs have clock 
logic on the CPU chip; these CPUs output <1>2; the MCS6502 and the MCS6506 output ‘I>1 as well. 

The Data Bus of the MCS6500 series CPUs is identical to that of the MC6800. The Data Bus is a tristate. 8-bit 
bidirectional bus via which data is transferred between memory and all MCS6500 microcomputer system devices. 
However, only the MCS6512 has a DBE input for external control of the bus. On MCS6500 CPUs other than the 
MCS6512, an internal Data Bus Enable is connected to <I>2; in these devices the Data Bus is always floated during the 
first part of a machine cycle. 

We will now look at the CPU signals which are unique to the MCS6500 microcomputer system. 

The Address Bus in MCS6500 microcomputer systems is not a tristate bus and cannot be floated. Also, the 28-pin 
MCS6500 series CPUs have either 1 2 or 1 3 Address Bus lines, allowing a total memory space of either 4K or 8K bytes. 
The Address Bus is used in the normal way by the CPU to output memory addresses. 

READY (RDY) is an input control signal which, in MCS6500 microcomputer systems, performs the task of MC6800 
TSC, DBE and HALT signals. The RDY input causes the equivalent of a Wait machine cycle to be inserted within the 
normal machine cycle sequence. In order to generate a Wait machine cycle, RDY must make a high-to-low transition 
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during a high clock pulse in any pnachine cycle other than a write. We will illustrate the use of the RDY signal, and 
discuss a number of its non-obvious ramifications, following this summary description of MCS6500 signals. 

The Set Overflow flag (SO) signal can be used to set to 1 the Overflow bit of the Status register. When the SO in- 
put makes a high-to-low transition, the Overflow status is set to 1. The SO input can make a high-to-low transition at 
any time: this is an asynchronous input. 

You cannot use the SO input signal to reset the Overflow bit of the Status register to 0. 

The SYNC signal is used to identify instruction fetch machine cycies. There are a number of important uses for this 
signal, which we will discuss along with general instruction timing. 


MCS65QP TIMING AND INSTRUCTION EXECUTION 


MCS6500 CPUs execute instructions using exactly the same clock signals, machine cycles and machine cycle 
types as described for the MC6800 in Chapter 8. 

Recail that the two clock signals, 01 and 02, define machine cycies as foliows: 


«i>i 


© 


<t>2 



I 


nJ—n. 

I Machine 
. j Cycle 1 







-rU rd 

Machine [ Machine I 
Cycle 2 j Cycle 3 [ 


So far as external logic is concerned, there are only three types of machine cycles which can occur during an in- 
struction's execution: 

1) A read operation during which a byte of data must be input to the CPU. 

2) A write operation during which a byte of data is output by the CPU. 

3) An internal operation during which no activity occurs on the Sy§tem Bus. 

As was the case with the MC6800, all MCS6500 instructions have timing which is a simple concatenation of 
the three basic machine cycle types. See Figures 9-3 and 9-4 apd the accompanying text in Chapter 9 for a 
description of these three basic machine cycles. 

Instruction execution differences between the MC6800 and MCS6500 arise only when we depart from simple instruc- 
tion execution logic. The MCS6500 SYNC signal is'also a difference to be noted; the SYNC signal identifies MCS6500 
machine cycles during which any instruction object code is being fetched. SYNC timing may be illustrated as follows: 



MCS6500 CPUs do not allow the d>1 and 4>2 clocks to be stretched, nor do they allow the Address Bus to be floated; 
some MCS6500 CPU versions do not allow the Data Bus to be floated. Also, there is no Halt state. The single RDY sig- 
nal is used to interface slow memories, to refresh dynamic memories or to perform Direct Memory Access 
operations. 
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What the RDY input signal does is allow you to insert one or more Wait machine cycles in 
between two normal instruction execution machine cycles: 


MCS6500 

WAIT 

STATE 



n 

® r\. 

r\_ 


Machine 

Cycle N 


'n 'n 

! r\j n. 


n_ 


WAIT 


Machine 
Cycle N + 1 


The RDY input allows Wai^ machine cycles to be inserted within any instruction's normal sequence of machine cycles. 
For Wait machine cycles to qccur, the RDY input must make a high-to-low transition during a <51 high clock pulse. This 
transition may occur during any nonwrite machine cycle. Timing may be illustrated as follows: 



Wait machine cycles will be inserted until RDY is sensed high during a <52 high pulse. 

If a RDY high-to-low transition occurs during a write machine cycle, then the Wait states will still be inserted, but the 
insertion will occur following the next nonwrite machine cycle. 

A non-obvious feature of the MCS6500 RDY signal is the fact that there is no acknowledge response from the 
CPU to external logic. This can be a problem. To guarantee that the machine cycle following the RDY high-to-low 
transition will be a Wait, you_must make sure that RDY never makes a high-to-low transition during a write cycle. For- 
tunately, you pan use the R/W oqjput to detect write cycles and thus generate a safe RDY input. Here is simple sample 
logic: ' 


(MCS6512) — 

(MCS6502) 


+ 5V 



10-14 




ADAM OSBORNE & ASSOCIATES, INCORPORATED 


Since the same 02 clock pulse that triggers the 7474 flip-flop also triggers any change in R/W signal level, RA^ is 
NANDed with Q after taking the 7474 settling delay — which also gives R/W time to acquire its new level. 

If you are interfacing slow memories, performing Direct Memory Access or refreshing dynamic memories, in each case 
the extra time provided for the secondary operation is the Wait state generated via the RDY input, as we have just de- 
scribed. 

When interfacing slow memories, the logic of the Wait state is self-evident. The slow memo- 
ry simply has additional machine cycles in which to respond to the memory access, and 
memory select logic holds RDY low for any required time delay. 

When using a Wait state to perform Direct Memory Access or dynamic memory refresh 
operations, there is a further complication. During the Wait state, the Data and Address Busses are not floated. Alter- 
nate Data and Address Busses must therefore be provided, connected via a tristate buffer to any memory device which 
is being accessed. 

INTERRUPT PROCESSING AND SYSTEM RESET 

The MCS6500 microcomputer system handles interrupts and resets exactly as the MC6800, For a discussion of 
this subject, therefore, see Chapter 9 — with the following provisos: 

1 ) Neither the MCS6500 nor the MC6800 will acknowledge an interrupt if the interrupt enable status bit has been set 
to 1 . Additionally, the MC6800 will not acknowledge an interrupt while in the Halt state. The MCS6500 has no Halt 
state, but Wait states induced by the RDY line may be looked upon as equivalent. If an interrupt request occurs 
while Wait states are being created by an MCS6500 CPU in response to the RDY control input, then th§ interrupt 
acknowledge process will begin with the first non-Wait machine cycle. 

2) When the MCS6500 executes a software interrupt, the Break status is set. The MC6800 has no such status flag. 

3) The MCS6500 Stack is 256 bytes long and is implemented in memory locations 0100-|6 through O1FFi0. The 
MC6800 Stack can have any length within the allowed memory space, and can be located anywhere in memory. 

The MCS6500 series microcomputers have no interrupt acknowledge signal. You must create this signal by 
decoding off the Address Bus the interrupt acknowledge address FFF9i0, which is the second address to be output 
during the interrupt acknowledge sequence. Creating an interrupt acknowledge signal in this fashion is described later 
in this chapter. 

MCS6500 CPU CLOCK LOGIC 

Clock logic required by the MCS651X series of CPUs is identical to that which has already been described for 
the MC6800 in Chapter 9. Indeed, you can use any of the MC6870 series clock devices in order to create timing 
inputs. 

The MCS650X series CPUs have on-chip logic: all they need is an external crystal or RC network. A number of 
possible circuits, described in MOS Technology literature, are reproduced in Figure 10-11. 

MCS6500 CPU INTERFACE LOGIC 

Look again at Table 10-1 and you will see that the 28-pin CPUs are remarkable in that^ey output so few control sig- 
nals: in fact, the MCS6513. MCS6514, and MCS651 5 output just one control signal: R/W. The remaining 28-pin CPUs 
additionally output clock signals only. There is no interrupt acknowledge, no synchronization output, nor any control 
signal which external logic can use to determine what is going on within the CPU. Of all the microprocessors de- 
scribed in thi? book, none provides so few control output signals. So long as you are building relatively straightfor- 
ward microcomputer systems, this does not present a problem. The Address and Data Busses are never floated by 28- 
pin CPUs: therefore, external logic, upon detecting a select address on the Address Bus, will simply respond by reading 
or writing — depending upon the level of the R/W signal. The fact that this signal is high in its idle state, indicating a 
read, simply means that selected external logic will place the contents of its addressed memory location on the Data 
Bus. If the R/W signal is really in its standby state, then the CPU will ignore the Data Bus contents and no harm is done. 
Thus, for simple microcomputer systems, the MCS6500 series CPUs are remarkably simple devices to work with. If a 
microcomputer system becomes complex, however, problems may arise. DMA logic must account for the fact that 
there is no detectable standby state for memory or I/O devices to detect; any device selected by the address of 
the Address Bus is continuously responding to a read or write command. 


MCS6500 
SLOW MEMORY 
INTERFACE 
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Figure 10-11. Time Base Generation for MCS650X CPU Input Clocks 
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When designing microcomputer systems around an MCS6500 CPU, if you are going to share the System Bus in 
any way, you must be very cautious about ensuring that you have accounted for the passive role of support 
logic surrounding the CPU. 

Despite the paucity of control signals on the MCS6500 bus, you can, in fact, do anything that you could do on any 
other bus. Using the MCS6500, it is simply going to take a little more logic. Some suggestions are given later in this 
chapter, when we explain how you can use non-6500 support devices (in particular 8080A support devices) with a 
6500 CPU. 


THE MCS6500 INSTRUCTION SET 

Table 10-2 summarizes the MCS6500 instruction set. This instruction set follows the philosophy of the MC6800 
very closely. 


THE BENCHMARK PROGRAM 


The benchmark program is coded for the MCS6500 as follows: 



LDY 

lOCNT 

LOAD BUFFER LENGTH INTO Y INDEX 

LOOP 

LDA 

(I0BUF),Y 

LOAD NEXT SOURCE BYTE 


STA 

(TABLE).Y 

STORE IN NEXT DESTINATION BYTE 


DEY 


DECREMENT Y 


BNE 

LOOP 

RETURN FOR MORE BYTES 


LDA 

lOCNT 

AT END ADD NUMBER OF BYTES 


CLC 


TO CURRENT TABLE BASE ADDRESS 


ADC 

TABLE-PI 



STA 

TABLE-PI 



This is the memory map assumed: 


DATA 



lOCNT 

lOBUF 

TABLE 

PPQQ 


RRSS 


Page 0 


The programming example illustrated above makes use of indirect addressing. Somewhere in the first 256 bytes of 
memory we store the number of bytes to be transferred, the beginning address for the source table, and the address for 
the first free destination table byte. By loading the byte count into the Y Index register, we can use this register both as 
an index for moving data from source to destination, and as a counter. 
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After moving the block of data, we must add the number of moved data bytes to the destination table first free byte ad- 
dress; this accounts for the fact that the destination table has been incrementally filled. 

When comparing the MCS6500 with the MC6800, we see that we have indeed reduced the number of instruc- 
tions from 11 to 9; the number of instructions within the iterative loop has been reduced from 5 to 4. We cannot make 
a more substantial reduction in the number of instructions because the fylC6800 program uses the Stack Pointer as an 
Index register — which is not an option with the MCS6500. We might brgue that the MCS6500 has an advantage by 
not immobilizing the Stack while the instruction sequence is executed; however, the IVICS6500 has the disadvantage 
of requiring both the source and destinatiori tables to have a maximurri' length of 256 bytes; the MC6800 program 
makes no such demand. 

Symbols are used in Table 10-2 as follows: 

Registers: A Accumulator 

X Index Register X 
Y Index Register Y 
PC Program Counter 
SP Stack Pointer 

SR Status register, with bits assigned as follows: 

7 6 5 4 3 2 1 0 Bit No, 


Reserved for expansion 
(unused at this time) 

Statuses: S Sign status 

Z Zero status 
C Carry status 
0 Overflow status 

Symbols in the column labeled STATUSES: 

(blank) operation does not affect status 

X operation affects status 

0 operation clears status 

1 operation sets status 

6 status reflects bit 6 of memory location 

7 status reflects bit 7 of memory location 

ADR 8 bits of immediate or base address 

ADR16 16 bits of immediate or base address 

a8 Any of the following operands and addressing modes: 

ADR Base Page Direct 
ADR,X Base Page Indexed via Register X 

(ADR,X) Pre-Indexed Indirect 
(ADR),Y Post-Indexed Indirect 

a16 Any of the following operands and addressing modes: 

ADR16 Extended Direct 
ADR16,X Absolute Indexed via Register X 
ADR16,Y Absolute Indexed via Register Y 
B Break status 

D Decimal Mode status 

DATA 8 bits of immediate data 

DISP An 8-bit, signed address displacement 

I Interrupt disable status 

LABEL 16-bit immediate address, destination of Jump-on-Subroutine call 
M ( ) The memory location addressed via the mode specified in parenthesis 

PC(H|) The most significant 8 bits of the Program Counter 

PC(LO) The least significant 8 bits of the Program Counter 

[ ] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, 

then the designated register's contents are specified. If a memory address is enclosed within the 

brackets, then the contents of the addressed memory location are specified. 
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Implied memory addressing; the contents of the memory location designated by the contents of a 
register or address calculation. 

Logical AND 
Logical OR 
Logical Exclusive-OR 

Data is transferred in the direction of the arrow 

Data is exchanged between the two locations designated on either side of the arrow 


10-19 



10-20 


Table 10-2. A Summary of the MCS6500 Microcomputer Instruction Set 








STATUSES 



MNEMONIC 

OPERAND(S) 




OPERATION PERFORMED 



s 

z 

C 

0 







LDA 

ADR \ 

2 

X 

X 





[A] — [ADR] or 



ADR.X f 

2 







[A] — [[X] + ADRlor 



(ADR,X) f 

2 







(A]-[[[X) + ADRllor 



(ADR),Y. ) 

2 







[A] — ((ADR + 1,ADR] + [ Y]] or 



ADR16 i 

3 







[A] — (ADR16) or 



ADRie.X 

3 







[A] — (ADR16+ [X]] or 



ADRie.Y j 

3 







(A}— [ADR16+ [Yj] 











Load Accumulator from memory using any of the following addressing modes; 











Base page direct 

o 










Base page indexed (X register) 

UJ 










Pre-indexed indirect 

UJ 

IL 










Post-indexed indirect 

UJ 

K 










Extended direct 

>- 










Absolute' indexed (Register X or Register Y) 

o 

STA 

aS 

2 







M(a8)--[A] or M(a16)— (A] 

s 

Ul 


a16 

3 







Store Accumulator to memory using any of the addressing modes permitted with LDA. 

s 

LDX 

ADR or ADR,Y 

2 

X 

X 





(X] — (ADRlor (X]— (ADR16].or 

K 


ADR 16 or ADR16,Y 

3 







(Xj — ((Y] + ADR] or [X] — (ADR16+ [Y] 

< 

s 










Load Index Register X from memory using direct, extended, base page indexed or absolute in- 

e 










dexed addressing, indexing through Register Y. 


STX 

ADR or ADR,Y 

2 1 







[ADR] — (X] or [ADR16]— [X] or 

z 


ADR16 

3 







([Y] + ADR] — (X] 

o 










Store Index Register X to memory using direct, extended or base page indexed addressing, in- 


LDY 

ADR or ADR,X 

2 

X 

X 





dexing through Register Y. 

[Y]— [ADR] or [Y] — (ADR16] or 



ADR16or ADR16,X 

3 







[Y] — [[X] + ADR] or [Y]— (ADR16+ [X]] 











Load index Register Y from memory using direct, extended, base page indexed or absolute in- 
dexed addressing, indexing through Register Y. 


STY 

ADR or ADR,X 

2 







[ADR]— [Y] or [ADR16]— [Y] or 



ADR 16 








[tX]+ADR] — [Y] 











Store Index Register Y to memory using direct, extended, or base page indexed addressing, in- 
dexing through Register X 


ADC 

as 


B 

D 

D 

D 

■ 

■ 

[A] — [A] + M(a8) + Cor 



a16 



m 

n 

B 


■ 

[A] — [A] + M(a16) + C 

H 

< 




■ 

■ 


B 

^B 


Add contents of memory location, with carry, to those of Accumulator, using any of the ad- 

a 

Ui 





H 


B 

^B 

^B 

dressing modes permitted with LDA. Zero flag is not valid in Decimal Mode. 

Q. 

o 

AND 

aS 



D 


B 



[A] — [A] AM(a8)or [A]— [A] AM(a16) 

> 


a16 


H 



■ 



AND contents of Accumulator with those of memory location addressed via any of the modes 

o 





n 





permitted with LDA. 

S 

UJ 

BIT 

ADR3 


B 






[A] A [ADR8] or [A] A [ADR16] 

s 


ADR 16 

■ 

1 

1 

1 

1 

1 

1 

AND contents of Accumulator with those of memory location. Only the status bits are affected. 

Direct or extended addressing modes may be used. 
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Table 10-2. A Summary of the MCS6500 Microcomputer Instruction Set (Continued) 









STATUSES 



MNEMONIC 

OPERAND(S) 

BYTES 




OPERATION PERFORMED 



S 

z 

C 

o 









CMP 

aS 

2 

X 

X 

X 




tA] -M(a8)or [A]-M(a16) 




a16 

3 







Compare contents of Accumulator with those of memory location, affecting status bit only. Any 
of the addressing modes permitted with LDA riiay be used. 



EOR 

a8 

2 

X 

X 





[Al— lA]V-M(a8)or [ A]— [A]¥-M(a16) 




a16 

3 







Exclusive-OR contents of Accumulator with those of memory location, using any of the ad- - 
dressing modes permitted with LDA. 



ORA 

a8 

2 

X 

X 





[Al— [A]VM(a8)or [A] — [A]VM(a16) 




a16 

3 







OR contents of Accumulator with those of memory location, using any of the addressing modes 
permitted with LDA. 



SBC 

aS 

2 

X 

'X' 

X 

X 



[Al — [Al-M(a8)-Cor [ A]— I Al - M(a16) - C 

. u 



a16 

3 







Subtract corltents of memory Ideation, with borrow, from contents of Accumulator. Any ad- 

< 











dressing mode permitted with LDA may be used. Note that Carry reflects the complement of the 

UJ 

Q. 











borrow. 

O 

>- 


INC 

ADR8 or ADR.X 

2 

X 

X 





[ADRl— tADRl+ 1 or [ ADR161— [ADR161 + 1 or 

ec 

o 



ADR 16 or ADR16.X 

3 







[[Xl + ADRl— [[Xl + ADR1+ 1 or 

s 











tADR16+ tXll— lADRt6+ [X11+ 1 

s 











Increment contents of memory location using direct, extertded, base page indexed or-absolute 

UJ 

_ 










indexed addressing, indexing through Register X. 

Z 

Uf 

DEC 

ADR or ADR,X 

2 

' X 

X 





[ADRl— [ADRl - 1 or [ ADR161— [ ADR161 - 1 or 

oc 

z 


ADR16orADR16.X 

3 







[[Xl + ADRl — [[Xl + ADRl - 1 or 

IL 

H- 

? 










[ADR16+ [Xll — [ADR16+ [Xll- 1 

cc 

o 

o 










Decrement contents of memory location using direct, extended, base page indexed or absolute 

>• 

cc 










indexed addressing, indexing through Register X. 

o 

5 


CPX 

ADR 

2 

X 

X 

X 




[Xl- [ADRlor [Xl- [ADR161 

UJ 



ADR 16 

3 







Compare contents of X register with those of memory location, using direct or extended ad- 












dressing. Only the status flags are affected. 

oc 


CPY 

ADR 

2 

X 

X 

X 




[Yl- [ADRlor [Yl- [ADR161 

o 



ADR16 

3 







Compare contents of Y register with those of memory location using direct or extended ad- 

o 

u 











dressing. Only the status flags are affected. 

(0 


ROL 

ADR or ADR.X 
ADR16or ADR16.X 

2 

3 

X 

X 

X 




1— 1 C 1 7 oi^ 1 [[Xl + ADRl or 

Rotate contents of memory location left through Carry, using direct, extended, base 












page indexed or absolute indexed addressing, indexing through Register X. 



ASL 

ADR or ADR,X 

2 

X 

X 

X 




rrz TL, [ADRIot (ADRieior 

1— ^ “ [fxl t ADRl nr f APRIfi-^ [Vll 




ADR16or ADR16,X 

3 

■ 






Arithmetic shift left contents of memory location using direct, extended, base page indexed or 
absolute indexed addressing, indexing through Register X. 



LSR 

ADR or ADR,X 
ADR16orADR16,X 

2 

3 

0 

X 

X 




Logical shift right cqntents of memory, location, using direct, extended, base page indexed or 












absolute indexed addressing, indexing through Register X. 
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Table 10-2. A Summary of the MCS6500 Microcomputer Instruction Set (Continued) 


TYPE 

MMEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

S 

z 

c 

o 




LDA 

DATA 


D 

H 


■■ 

m 

m 

[A]— DATA 





Hi 



^B 



Load Accumulator with immediate data. 

5 

LDX 

DATA 


D 

D 


^B 

^B 

^B 

[Xl — DATA 

2 




Hi 



^B 

^B 

^B 

Load Index Register X with immediate data. 

s 

LDY 

DATA 


O 

D 



^B 


I Y]— DATA 




HI 

M 

m 

■ 

■ 

Hi 

■ 

Load Index Register Y vvith immediate data. 


ADC 

DATA 

2 

X 

X 


H 

m 

m 

tAl— (Al + DATA + C 







HI 




Add immediate, with. Carry, to Accumulator. The Zero flag is not valid in Decimal Mode. 


AND 

DATA 

2 

X 

X 


1 

M 

M 

(Al — [AlADATA 











AND immediate with Accumulator. 

UJ 

CMP 

DATA 

2 

X 

X 


1 

M 

M 

(Al-DATA 

< 






^^H 




Compare immediate with Accumulator. Only the status flags are affected. 

. U4 

EOR 

DATA 

2 

X 

X 


1 

M 

M 

[Al — [AlV-DATA 

o 










Exclusive-OR immediete with Accumulator. 

UJ 

ORA 

DATA 

2 

X 

X 


1 

M 

M 

[Al— [A] VDATA 

< 






^^H 




OR immediate with Accumulator. 

s 

SBC 

DATA 

2 

X 

X 


H 

^B 

^B 

[Al— [Al-DATA-C 

s 






B| 


^B 

^B 

Subtract immediate, with borrow, from Accumulator. Note that Carry reflects the complement 








■ 

^B 

^B 

of the borrow. 


CPX 

DATA 

2 

X 

X 

^B 

■ 

^B 

^B 

[Xl-DATA 







MJM 


^B 

^B 

Compare immediate with Index Register X. Only the status flags are affected. 


CPY 

DATA 

2 

X 

X 

BB 

1 



[Yl-DATA 







Hi 

■ 

■ 

■ 

Comoare immediate with Index Register Y. Only the status flags are affected. 


JMP 

LABEL 



■ 

H| 

■ 

■ 

■ 

[PCI — LABEL or [PCI- [LABELl 



(LABEL) 








Jump to new location, using extended or indirect addressing. 

0. 

5 

JSR 

LABEL 





^B 

^B 

^B 

[[SPll— [PC(HI)1. 

3 







^B 

^B 

^B 

[[SPl-ll— [PaLO)l, 








^B 

^B 

^B 

[SPl— (SPl-2, 








^B 

^B 

^B 

[PCI— LABEL 





■ 


■ 

■ 

■ 

■ 

Jump to subroutine beginning at address given in bytes 2 and 3 of the instruction. 


BCC 

DISP 



s 



■ 

■ 

If C = 0. then [ PCI — [ PCI + 1 + DISP 








^B 



Branch relative if Carry flag is cleared. 


BCS 

DISP 





^B 

^B 

^B 

If C = 1, then [ PCI— [ PCI + 1 + DISP 

Z 

o 







^B 

^B 

^B 

Branch relative if Carry flag is set. 

H 

BEQ 

DISP 





^B 

^B 

^B 

lfZ = 1, then [PCI— [PCl+1 + DISP 

Q 

z 







^B 

^B 

^B 

Branch relative if result is equal to zero. 

o 

BMI 

DISP 




^B 


^B 


If S = 1, then [PCI— [PCl + 1 + DISP 

z 










Branch relative if result is negative. 

o 

BNE 

DISP 








If Z = 0, then [ PCI — [ PC] + 1 + DISP 

o 










Branch relative if result is not zero. 

< 

BPL 

DISP 





^B 

■ 

■ 

lfS =0, then [PCI— [PCl + 1 + DISP 

CD 










Branch relative if result is positive. 


BVC 

DISP 






^B 

■ 

If 0 = 0, then [PCl— [ PCl + 1 + DISP 




HH 

■ 

■ 

■ 

■ 

■ 

■ 

Branch relative if Overflow flag is cleared. 
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Table 10-2. A SummatY of the MCS6500 Microcomputer Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

S 

z 

c 

0 



BRANCH ON 

CONDITION 

(CONTINUED) 

BVS 

DISP 

■ 

1 

1 

1 

1 

1 

1 

If 0 = 1. then [PC]— lPCl + 1 + DISP 

Branch relativa if Overflow flag is set. 


TAX 


1 


D 

HI 

■ 

■ 

■ 

lAl-EX] 

> 




HH 

mi 





Move Accumulator contents to Irtdex Register X. 

i 

TXA 


1 


D 

^H 

^H 

^H 

B 

IXl-EAl 

CC 




HH 


^H 

^H 

^H 


Move contents of Index Register X to Accumulator. 


TAY 


1 

kI 

D 

^H 

^H 

^H 

B 

[A1-[Y] 

5 




HH 

H 

^H 

^H 

^H 


Move Accumulator contents to Index Register Y. 

c 

TYA 



H 

D 

^H 

^H 

^H 

B 

[Y]-(A] 

CC 

UJ 




m 

H 

^H 

^H 

^H 

B 

Move contents of Index Register Y to Accumulator. 

K 

TSX 




B 

^H 

^H 

^H 

B 

[SP]-[X] 

o 




Ho 

B 

^H 

^H 

^H 

B 

Move contents of Stack Pointer to Index Register X. 

CC. 

TXS 




B 

^H 

^H 

^H 

B 

[X]— [SP] 






B 

B 

B 

B 

B 

Move contents of Index Register X to Stack Pointer. 


DEX 


■HH 



B 

B 

B 

B 

[Xl-[X]-1 





m 

m 





Decrement contents of Index Register X. 


DEY 



BH 

BH 

1 

^H 

^H 

B 

lYl-lYM 





m 

HB 


^H 

^H 


Decrement contents of Index Register Y. 


INX 





1 

^H 

^H 

B 

tXl-[X]+1 





m 

Bjfl 


^H 

^H 


Increment contents of Index Register X. 

lU 

INY 





1 

^H 

^H 

B 

[Y]— IY]+ 1 

< 

CC 



HH 

wM 

wM 

B 

B 

B 

B 

Increment contents of Index Register Y. 

Q. 

o 

ROL 



H 

H 

H 

■ 

■ 

■ 


Ul 










[Al 

w 










Rotate contents of Accumulator left through Carry. 

O 

Hi 

CC 

ASL 




B 

D 

B 

B 

B 








B 




[A] 






^H 

B 

B 

^H 

B 

Arithmetic shift left contents of Accumulator. 


LSR 



0 

B 

B 

B 

B 

B 







^H 

B 

B 


B 

[A] 







■ 

■ 

B 

■ 

. Logical shift right contents of Accumulator. 


PHA 


B 

■ 

■ 

■ 

■ 

■ 

■ 

[[SP]] — [Al, [SP]-[SP]-1 











Push Accumulator contents onto Stack. 

o 

PLA 



^9 

H 


H 

H 

B 

[ A] — [[SP] + 1], [SP] — [SP] + 1 

H 










Load Accumulator from top of Stack (PULL). 

05 

PHP 



■ 

H 


H 

■ 

B 

[[SP]] — [SR], [SP] — [SP]-1 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

Push Status register contents onto Stack. 
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Table 10-2. A Summary of the MCS6500 Microcomputer Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

s 

z 

C 

0 




PLP 



B 

D 

B 

D 

B 

B 

[SRl— I[SP]+ 1], [SPl — tSP)+1 

Q 





H 


H 



Load Status register from top of Stack (PULL). 


RTS 




■ 


■ 



iPCfLO)] — [[SP] + 1] 






■ 

■ 

■ 



tPC(Hl))— t[SP) + 2], 

« § 





■ 


■ 



(SPl — [SPl + 2. 

O 




■ 

■ 

H 

■ 

■ 

■ 

(PCI— (PC] +1 





■ 

■ 

■ 

■ 

■ 

■ 

Return from subroutine. 


CLI 


■■H 

n 

■ 

■ 

■ 

■ 

■ 

1 —0 











Enable interrupts by clearing interrupt disable bit of Status register. 


SEI 









1 — 1 











Disable interrupts. 


RTI 


■ 

D 

B 

B 

B 

fl 

■ 

(SRl- [(SP]+ 11. 

(PC(LO)] — [(SPl + 2]. 

Q. 










(PaHI)]- {[SPl + 31, 

CC 










(SPl— (SPl + 3. 

UJ 





■ 


■ 


■ 

(PCI- [PC]+ 1 

z 










Return from interrupt: restore Status register and Program Counter from top of Stack. 


BRK 


1 

1 

1 

1 

1 

1 

1 

((SPll- (PCIHDl, 

((SPl-ll— (PC(LO)], 

(lSPl-2] — (SR], 

(SPl- [SP]-3, 

(PC(LO)] — (FFFE], (POHI)]- (FFFF], 











1 — 1, B — 1 




■ 

■ 

fl 

B 

B 

fl 

fl 

Programmed interrupt. BRK cannot be disabled. 


CLC 


H 

■ 

■ 

0 

■ 

■ 

■ 

C —0 











Clear Carry flag. 


SEC 





1 




C — 1 

CO 










Set Carry flag. 

< 

K 

CO 

CLD 


D 

■ 

■ 


I 

fl 

■ 

D —0 

Clear Decimal Mode. 

SED 









D — 1 











Set Decimal Mode. 


CLV 





0 




0-0 . . 




■1 

■ 

1 


B 

fl 

fl 

Clear Overflow flag. 

1 

NOP 









No Operation. 
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The following symbols are used in the object codes in Table 10-3. 

Address mode selection; 
aaa 

000 pre-indexed indirect — (ADR.X) 

001 direct — ^ADR 

010 immediate — DATA 

011 extended direct — ADR16 

100 post-indexed indirect — (ADR).Y 

101 base page indexed — ADR,X 

110 absolute indexed — ADR16,Y 

111 absolute indexed — ADR16,X 
bb 

00 direct — ADR 

01 extended direct — ADR16 

10 base page indexed — ADR.X 

11 absolute indexed — ADR16,X 

bbb 

001 direct — ADR 

010 accumulator — A 

011 extended direct — ADR16 
101 base page indexed — ADR,X 
111 absolute indexed — ADR16,X 

cc 

00 immediate — DATA 

01 direct — ADR 

II extended direct — ADR16 
ddd 

000 immediate — DATA 

001 direct — ADR 

Oil extended direct — ADR16 

101 base page indexed — ADR.Y in LDX; ADR.X in LDY 

I I I absolute indexed — ADR16.Y in LDX; ADR16,X in LDY 

pp the second by|e of a two- or three-byte instruction. 

qq the third byte of a three-byte instruction. 

X orie bit choosing the address mode. 

Two numbers in the "Machine Cycles" column (for example, 2-6) indicate that execution time depends on the ad- 
dressing mocje. 
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Table 10-3. Summary of MCS6500 Object Codes, with MC6800 Mnemonics 




OBJECT 


MACHINE 

MC6800 




OBJECT 


MACHINE 

MC6800 

MNEMONIC 

OPERAND(S) 

CODE 

BYTES 

CYCLES 

INSTRUCTION 


MNEMONIC 

OPERAND(S) 

CODE 

BYTES 

- CYCLES 

INSTRUCTION 

ADC 

DATA or aS 

01 laaaOl 



ADCA 


JMP 

LABEL (x 0) 

. 01x01100 

3 

3-5 

JMP ADR16 


PP 

2 

2-6 

ADR8 or DATA 


orILABELXx- 1) 

ppqq 




a16 

qq 

3 

4 

ADR16 


JSR 

LABEL 

20 ppqq 

3 

6 

JSR ADR 16 

AND 

DATA or a8 

OOlaaaOl 


2-6 

ANDA 


LDA 


lOlaaaOl 



LDAA 


PP 

2 

ADR8 or DATA 


, DATA or a8 

PP 

2 

2-6 

ADR8 or DATA 


a16 

qq 

3 

4 

ADR 16 



a16 

qq 

3 

4 

ADR 16 

ASL 


OOObbblO 

1 

2 

ASL A 


LOX 

DATA or 

lOldddlO 



LDX 


ADR or ADR.X 

PP 

2 

5-6 

ADR8 



‘ ADR or ADR.Y 

PP 

2 

2-4 

ADR8 


ADR16 or ADR>6,X 

qq 

3 

6-7 

ADR16 



ADR16 or ADR16,Y 

qq 

3 

4 

ADR16 Of DATA16 

BCC 

DISP 

90 PP 

2 

2 

BCC DISP 


-DY 

DATA or 

lOldddOO 




BCS 

DISP 

BO PP 

2 

2 

BCS DISP 



ADR or ADR.X 

PP 

2 

2-4 


BEQ 

DISP 

FO PP 

2 

2 

BEQ DISP 



ADR16 or ADR16,Y 

qq 

3 

4 


BIT 

ADR (x-0) 

0010x100 



BITA 


LSR 

A 

OlObbblO 

1 

2 

LSR A 


PP 

2 

3 

ADR8 or DATA 



ADR or ADR.X 

PP 

2 

5-6 

ADR8 


ADR16 (x= 1) 

qq 

3 

4 

ADR16 



ADR16 or ADR16,X 

qq 

3 

6-7 

ADR 16 

BMI 

DISP 

30 PP 

2 

2 

BMI DISP 


NOP 


EA 

1 

2 

NOP 

BMI 

DISP 

30 PP 

2 

2 

BMI DISP 


ORA 


OOOaaaOl 



ORA 

BNE 

DISP 

DO PP 

2 

2 

BNE DISP 



DATA or a8 

PP 

2 

2-6 

ADR8 or DATA 

BPL 

DISP 

10 PP 

2 

2 

BPL DISP 



a16 

qq 

3 

4 

ADR 16 

BRK 


00 

1 

7 

(SWI) 


PHA 


48 

1 

3 

PSHA 

BVC 

DISP 

50 PP 

2 

2 

BVC DISP 


PHP 


08 

1 

3 


BVS 

DISP 

70 PP 

2 

2 

BVS DISP 


PLA 


68 

1 

4 

PULA 

CLC 


18 

1 

2 

CLC 


PLP 

ROL 

A 

28 

OOlbbblO 

1 

1 

4 

2 

ROL A 

CLD 


D8 






ADR or ADR,X 

PP 

2 

5-6 

'ADR8 

CLI 


58 

1 

2 

CLI 



ADR16 or ADR16,X 

QQ 

3 

6-7 

ADR 16 

CLV 


B8 

1 

2 

CLV 


RTI 


40 

1 

6 

RTI 

CMP 

DATA or a8 

1 lOaaaOl 



CMPA 


RTS 


60 

1 

6 

RTS 


PP 

2 

2-6 

ADR8 or DATA 


SBC 


IllaaaOl 



SBCA 


a16 

qq 

3 

4 

ADR 16 



DATA or a8 

PP 

2 

2-6 

ADR8 or DATA 

CPX 

DATA or ADR 

nioccoo 



CPX 



a16 


3 

4 

ADR 16 


PP 

2 

2-3 

ADR8 


SEC 


38 

1 

2 

SEC 


ADR 16 

qq 

3 

4 

DATA 16 or ADR 16 


SED 


F8 

1 

2 

CPY 

DATA or ADR 

IIOOccOO 





SEt 


78 

1 

2 

SEI 


PP 

2 

2-3 



STA 

(aaa' 010) 

lOOaaaOl 



STAA 


ADR16 

qq 

3 

4 




a8 



3-6 

ADR8 

DEC 


llObbllO 



DEC 



a16 



4-5 

ADR 16 


ADR or ADR.X 

PP 

2 

5-6 

ADR8 


STX 

ADR(bb-OO) 

lOObbllO 



STX 


ADR 16 or ADR16,X 

qq 

3 

6-7 

ADR 16 



or ADR,Y(bb-10) 



3-4 

ADR8 

OEX 


CA 

1 

2 

-DEX 



ADR16 (bb-01) 



4 

ADR16 

DEY 


88 

1 

. 2 



STY 

ADR (bb ==00) 

lOObblOO 




EOR 


OlOaaaOl 



EORA 



or ADR.X (bb-10) 

PP 


3-4 



DATA or a8 

PP 

2 

2-6 

ADR8 or DATA 



ADR16 (bb==01) 

qq 


4 



a16 

qq 

3 

4 

ADR16 


TAX 


AA 


2 


INC 


IlIbbllO 



INC 




A8 


2 



ADR or ADR.X 


2 

5-6 

ADR8 




BA 


2 

TSX 


ADR16 or ADR16,X 

qq 

3 

6-7 

ADR16 




8A 

1 

2 









9A 

t 

2 

TXS 

INX 


E8 



INX 


BSB 


..98 . „ 




1NY 


C8 

1 

2 




1 . 

2 
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SUPPORT DEVICES THAT MAY BE USED WITH THE MCS6500 
SERIES MICROPROCESSORS 

The MCS6500 and MC6800 microprocessors are similar enough for MC6800 support devices to be used with 
an MCS6500 series central processing unit. 

The similarities between the MC6800 and MCS6500 extend also to the way in which you use other support 
devices with these two microprocessors. Therefore, you should read the MC6800 section in Chapter 9 that de- 
scribes using the MC6800 CPU with other support devices before you read this text. Comments regarding 
8080A and Z80 support devices being used with the MC6800 apply for the most part to the MCS6500. 

But the MCS6500 does have some limitations. The most prominent limitation is the fact that no MCS6500 
microprocessor floats its System Bus. Only the MCS6512 has any bus floating capability at all; you can float its Data 
Bus. Within an MCS6500 microcomputer system, if you wish to float the System Bus or perform direct memory ac- 
cess operations, you must have an external tristate buffer. This tristate buffer receives as inputs the System Bus 
from the MCS6500: it creates as outputs the System Bus which will be used by support devices. This may be illustrated 
as follows: 


^ uata bus 

Control Bus 

< ^ 


Tristate 

Buffer 


Data Bus 

^ Control Bus . 

c==> 


Float control from 
external logic 
equivalent to 
8080A BUSEN 



TrIstate System Bus 


If you are going to use an MCS6500 CPU with support devices from other microprocessor families, you will in all 
probability use the MCS6502 or the MCS651 2. It would make little sense to begin with the limitations of a 28-pin 6500 
CPU and then expand it to interface with non-6500 support devices. We will therefore consider only MCS6502 and 
MCS6512 busses expanded to generate 8080A compatible interfaces. Logic may be illustrated as follows: 


MCS6502 or 

MCS6512BUS 8080A Bus 
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The logic illustrated above is quite similar to that which we described for the MC6800 in Chapter 9. The Read (RD) and 
Write (WR) control signals are generated by separating out R/W via two NAND gates that are conditioned by <t>2 (TTL). 
This is the same logic that we illustrated for the MC6800. 

HOLD and Bus Enable (BUSEN) signals requife more complex generation out of an MCS6500 bus — but still the logic is 
quite simple. Since the MCS6500 has no Hold condition, we must use the Wait State created in response to a RDY in- 
put. The 7474 D-type flip-flop marked (A) synchronizes an asynchronous RDY input to ensure that it makes a high-to- 
low transition while 01 is high, as is required by MCS6500 logic. To ens^e that the synchronous Ready output does 
not, occur during a Write cycle, the (A) flip-flop output is NANDed with R/W to create a valid MCS6500 RDY input. We 
use the next high-to-low transition of ^2 (TTL) to identify the beginning of the Wait State. Timing may be illustrated as 
follows: . 



As illustrated by the timing above, the MOLD and BUSEN signals will accurately identify time intervals when the 
MCS6500 CPU is in a Wait State. But remember, bu sses are not floated by the MCS6500 CPU while it is in the Wait 
State. You must therefore use either the HOLD or BUSEN signal as a float control strobe on a tristate buffer (as 
illustrated earlier). 

If we look at the interrupt request and acknowledge signals of the 8080A bus. the interrupt request represents no prob- 
lem; we simply invert INT to create IRQ. Generating an interrupt acknowledge is not so straightforward. We must 
decode the second address byte of the interrupt acknowledge sequence (FFF9i0) off the Address Bus, without the 
comfort of a valid memory address (VMA) signal. The logic shown uses the combination of R/W high, indicating a 
necessary read condition, together with the initial asynchronous RDY high, indicating no Wait request, to validate the 
FFF9i0 address on the Address Bus. 

Thus, a 7474 D-type flip-flop together with four NAND gates and two inverters will create an 8080A-compatible 
System Bus for an MCS6502 or MCS6512 CPU. 

You can generate an 8080A-compatible system clock from (i)2 (TTL) as follows: 

+ 5V 100 pF 5.6 xn 
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The clock logic illustrated above is identical to that which we described for the MC6800. 


THE MCS6522 PERIPHERAL INTERFACE ADAPTER 


Q 

lU 

I- 

< 

cc 

o 

Q. 

OC 

O 

U 

z 


< 

u 

o 

0} 

(O 


< 

tH 


lU 

z 

cc 

o 

CQ 

V> 

o 

s 

< 

Q 

< 


The MCS6522 PIA is an enhanced version of the MC6820, which is also manufactured by MOS Technology as 
the MCS6520 Peripheral Interface Adapter. As such, the MCS6522 PIA can be used interchangeably in 
MC6800 or MCS6500 microcomputer systems. 

This description of the MCS6522 will concentrate on highlighting device enhancements, relying on the discus- 
sion of the MC6820, given in Chapter 9, for a detailed explanation of functions common to both parts. 

The MCS6522 PIA is a general purpose I/O device which, like the MC6820 PIA provides 16 I/O pins, configured 
as two 8-bit I/O ports. As compared to the MC6820 PIA the MCS6522 provides more handshaking logic associ- 
ated with parallel data transfers occurring via I/O Port A. Counter/timer and elementary serial I/O logic have 
been added to MCS6522 Port B. 

Figure 10-12 illustrates that part of our general purpose microcomputer system logic which has been imple- 
mented on the MCS6522 PIA. 



Figure 10-12. Logic of the MCS6522 PIA 
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The MCS6522 PIA is packaged as a 40-pin DIP. It uses a single +5V power supply. All inputs and outputs are 
TTL compatible. I/O Port A and B pins are also CMOS logic compatible. I/O Port B pins may be used as a power 
source to directly drive the base of a transistor switch. 

The device is implemented using N-channel, silicon gate MOS technology. 

THE MCS6522 PIA PINS AND SIGNALS 

The MCS6522 PIA pins and signals are illustrated in Figure 10-13. Signals which are identical to the MC6820, 
both in function and pin assignment, are shaded. 

We will summarize all signal functions, those which are unique to the MCS6522 as well as those which are 
common to the MC6820, before describing the various MCS6522 PIA operations which can be performed. 

Consider first the various Data Busses. 

DO - D7 represents the bidirectional Data Bus via which all communications between the CPU and the MCS6522 oc- 
cur. This Data Bus is identical to that of the MC6820. When the MCS6522 is not selected, the Data Bus buffer is 
placed in a high impedance state — which is absolutely necessary, since MCS6500 CPUs (with the exception of the 
MCS6512) cannot float the System Data Bus. 

PAO - PA7 and PBO - PB7 represent Data Busses connecting I/O Ports A and B with external logic. In terms of 
simple data transfers, these two I/O ports are identical on the MCS6522 and MC6820 devices. In each case the 
1 6 I/O port pins may be looked upon as 1 6 individual signal lines, or as two 8-bit I/O busses. Each I/O port pin can be 
individually assigned to input or output, but an individual pin cannot support bidirectional data transfers. 

There are differences between I/O Ports A and B. Some of these differences are found in MC6800 I/O ports; 
others represent enhancements of the MCS6522. Let us first look at I/O port differences which are connom to 
the MC6820 as well as the MCS6522: 

1 ) An I/O Port B pin which has been assigned to output will enter a tristate condition during an input operation, this is 
not the case for an I/O Port A pin. This means that loads placed on I/O Port B pins will not modify data waiting to be 
read by the CPU. 

2) I/O Port A pins will register logical 1 when -P2V or more are input; logical 0 results from an input of -t-0.4V or less. 
I/O Port B pins will register logical 1 when power levels below -t-2V are input. 

3) As outputs, I/O Port B pins may be used as a source of up to a milliampere, at -M.5V, to directly drive the base of a 
transistor switch. This is not feasible using I/O Port A pins. 

The different I/O Port A and B characteristics are a function of port pin design. 

I/O Port A pins contain "passive” pullups which are resistive and allow the output voltage to go to -f-5V for logic 1 : 


+ 5V 



The PA pins can drive two standard TTL loads. 

I/O Port B pins are push-pull devices: the pullup is switched "off” in the 0 state and "on” for a logic 1 : 


+ 5V 

— ibh 



PB 
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The pullup can source up to 3 ma at 1.5V: that is why an I/O Port B pin can drive a diode, LED or similar device. 


z 

EC 

o 

CO 

(0 

O 

S 

< 

Q 

< 



Pin Name 


Description 


Type 


D0-D7 

PAO - PA7 

PB0-PS7 

CSI, CS2 

RS0-RS3 

CA1 

CA2 

CB1 

CB2 

<t>2 

R/W 

IRQ 

RESET 

Vdo. Vss 


Data Bus to CPU 

Port A Peripheral Data Bus 

Port B Peripheral Data Bus 

Chip Select 

Register Select 

Interrupt input to Port A 

Interrupt input/Peripheral control output 

Interrupt input/Shift register access 

Interrupt input/Peripheral control/Shift register access 

Device synchronization 

Read/Write control 

Interrupt request 

Reset 

Power and Ground 


Tristate, bidirectional 

Input or Output 

Tristate, Input or Output 

Input 

Input 

Input 

Input or Output 

Input or Output 

Input or Output 

Input 

Input 

Output 

Input 


Figure 10-13. MCS6522 PIA Signals and Pin Assignments 


Let us now look at differences between MCS6522 I/O Port A and B pins which are the result of MCS6522 logic 
enhancements: 

1) There are two programmable counters connected to I/O Port B logic. The MC6820 has no counter logic. 

2) There is an 8-bit Shift register associated with I/O Port B logic. The Shift register provides an elementary serial I/O 
capability which may be adequate for certain types of control logic, but falls short of what is needed to support 
serial data communications. The MC6820 has no serial I/O capability whatsoever. 

3) I/O Port A provides CA2 as an output control signal when the CPU reads or writes data. I/O Port B provides CB2 as 
an output control signal when the CPU writes data only. 

The l\/ICS6522 PIA has six device select pins. 

CS1 and CS2 are two typical select signals, exactly equivalent to MC6820 signals bearing the same names. 

Note that the MCS6522 has no CSO select. For the MCS6522 device to be selected, CSI must receive a high input 
while CS2 simultaneously receives a low input. 

RSO, RSI, RS2 and RS3 address one of 16 locations within the MCS6522. Thus an MCS6522 device will appear to 
a programmer as 1 6 memory locations. Note that the MC6820 has only two address lines, RSO and RSI, and appears 
to a programmer as four memory locations. 

Addressing logic assoc iated with the MCS6522 is, in fact, quite simple. Combining the two chip 
select signals, CSI and CS2, with the four address select signals, RO. R1, R2 and R3, simply means 
that total device logic will be derived from six of the 1 6 Address Bus lines — and to the program- 
mer, the MCS6522 PIA will appear as 16 contiguous memory locations. Table 10-4 identifies the 16 addressable 


MCS6522 

ADDRESSING 
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locations of the MCS6522. For the moment it is not important that you understand the nature of these addressable 
locations; rather, let us concentrate on the select lines RSO - RS3. Throughout this description of the MCS6522, we are 
going to identify addressable locations by a label and a “select code". The “select code" consists of the signal levels 
given in the left-hand column of Table 10-4. To a programmer, a “select code" will simply become some index which 
must be added to a base address. Suppose, for example, that your interfacing logic will cause an MCS6522 to consider 
itself selected when any address is output in the range 0000^0 through COOF-] 5. Select code OOOO2 now corresponds 
to memory address COOO-|0; select code 01 1 12 now corresponds, to memory address COO715. That Is the relationship 
between select code and memory address. 

There are four timing and control signals which interface an MCS6522 with external logic. These four signals 
are CA1, CA2, CB1 and CB2. Superficially, these four signals are identical to their MC6820 equivalents. But 
there are some secondary differences. 

CA1 and CA2 are control signals associated with I/O Port A. CA1 is an input signal whereas CA2 is bidirectional. CB1 
and CB2 are equivalent signals associated with I/O Port B, however, CB1 is bidirectional, although it is used as an input 
by Shift register logic only. 

There are two control signals associated with the MCS6522 CPU interface. 

<E>2 is the phase two clock which is output by any of the MCS6500 CPUs. The MCS6522 uses 02 as a standard syn- 
chronization signal, equivalent to the E signal used by the MC6820. The trailing edge of each 02 pulse synchron- 
izes all logic and timing within the MCS6522. 02 is used optionally by Shift register logic to clock serial input or output 
data. 

R/W is the standard read/write control signal output by all MCS6500 CPUs. This signal is identical to that on the 
MC6820. Recall that when R/W is high, a read operation is specified and data transfer from the MCS6522 PIA to the 
CPU will occur. When R/W is low, a write operation is specified and data transfer from the CPU to the PIA will occur. 

The M CS 6522 has a single interrupt request signal IRQ. In contrast, the MC6820 has two interrupt requests 
IRQA and IRQB. I f you are simpl y going to wire-OR interrupt requests and connect them to the CPU IRQ pin, then hav- 
ing two requests, IRQA and IRQB, makes no sense; combining them is preferable.' Qn the other h and, if you are go ing to 
include any type of interrupt priority arbitration logic, such as the MC6828, then by combining IRQA and IRQB into a 
single interrupt request, you can no longer vector separately to interrupt requests arising at either I/O Port A or I/O Port 
B logic. You must vector a single interrupt request, arising from either of these ports; then you must execute instruc- 
tions to test status bits and determine the exact interrupt source. 


Table 10-4. Addressing MCS6522 Internal Registers 


LABEL 

SELECT LINES 
RS3. RS2, RSI. RSO 

ADDRESSED LDCATIDN . 

DEV 

0000 

Qutput register for I/D Port B 

DEV+1 

0001 

Qutput register for I/D Port A, with handshaking 

DEV-F2 

0010 

I/D Port B Data Direction register 

DEV-f3 

0011 

l/Q Port A Data Direction register 

DEV-F4 

0100 

Read Timer 1 Counter low-order byte 

Write to Timer 1 Latch low-order byte 

DEV-F5 

0101 

Read Timer 1 Counter high-order byte 

Write to Timer 1 Latch high-order byte and 
initiate count ' 

DEV-F6 

0110 

Access Timer 1 Latch low-order byte 

DEV-f7 

0111 

Access Timer 1 Latch high-order byte 

DEV-F8 

1000 

Read low-order byte of Timer 2 and reset 

Counter interrupt 

Write to low-order byte of Timer 2 but do not 
reset interrupt 

DEV-F9 

. 1001 

Access high-order byte of Timer 2; reset 

Counter interrupt on write 

DEV-FA 

1010 

Serial l/Q Shift register 

DEV-FB 

101 1 

Auxiliary Control register 

DEV-FC 

1100 

Peripheral Control register 

DEV-FD 

1101 

Interrupt Flag register 

DEV-FE 

1110 

Interrupt Enable register 

DEV-FF 

1111 

Qutput register for l/Q Port A, without handshaking 
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RESET is a standard Reset input. When input low, the contents of all MCS6522 registers will be set to 0. Reset logic 
of the MCS6522 and MC6820 is identical. 

MCS6522 PARALLEL DATA TRANSFER OPERATIONS 

Because there are significant differences between the logic associated with MCS6522 I/O Ports A and B, we 
will begin by examining I/O Port A operations. 

When you examine I/O Port A operations, the first addressable location to look at is 001 1 
(DEV+3) — the I/O Port A Data Direction register. You must load a mask into this register 
in order to assign individual I/O port pins to input or output. A 0 in any bit of the Data Direction 
register will cause the corresponding I/O Port A pin to input data only. A 1 in any bit position 
will cause the corresponding I/O Port A pin to output data only. 

You access I/O Port A, either to read or write data, via select code OOOI 2 (DEV+1) or 1 1 1 12 (DEV+F). 

But before we discuss why I/O Port A has two select codes, we must describe the way in which read and write 
operations occur in conjunction with pins having been assigned to input or output. Read and write logic is best il- 
lustrated as follows: 


MCS6522 
I/O PORT A 
DATA TRANSFER 



Eight 

I/O Pori A 
Pins 


CA1 latches data 


Data being output is written to the I/O Output buffer; signal levels are created immediately at those I/O pins which 
have been declared as output pins. I/O pins which have been declared as input pins are, in effect, disconnected from 
the I/O Output buffer — and are in no way affected by I/O Output buffer contents. 

I/O Input latches will reflect the signal level of every I/O Port A pin, whether it has been assigned to input or output; I/O 
Input latches will acquire I/O Port A pin levels when latched by an active transition of the CA1 control input. 

For the most part, this scheme is inconsequential to you as an MCS6522 user, since whatever you write to output pins 
will be output, and you will read whatever external logic inputs to input pins. The only caution is that you cannot read 
back what you write to output pins. Latch timing and transient signal levels at output pins can modify data as it travels 
from I/O Output buffers to I/O Input latches. 

Irrespective of whether I/O Port A pins have been assigned to input or output, control signals CA1 and CA2 can be 
used to provide handshaking. External logic uses CA1 to communicate with the microcomputer system: CA2 may be a 
control input or a control output signal. 

First you must enable I/O Port A by writing a 1 into bit 0 of the Auxiliary Control register (select code 1011 or 
location DEV-FB), which is illustrated in Figure 10-14. Next you select your CA1 and CA2 control options by 
writing appropriate codes into bits 0 - 3 of the Peripheral Control register, which is illustrated in Figure 10-15. 

When you access I/O Port A via select code 0001 2 (DEV+1), then as soon as data is written into the I/O Port A buffer, 
the CA2 signal may output low. or it may pulse low; you determine how CA2 will respond by the code you load into the 
Peripheral Control register. Bits 1 , 2 and 3 of the Peripheral Control register determine the way in which control signal 
CA2 will function. If these three bits are 100, then when you address I/O Port A via select code 0001 2 , CA2 will go low 
as soon as the I/O port is accessed; 
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7 6 5 4 3 2 1 0 



Auxiliary Control register 

0 Disable inputs at I/O Port A 

1 Enable inputs at I/O Port A 

0 Disable inputs at I/O Port B 

1 Enable inputs at I/O Port B 

000 Disable Shift register 

001 Shift in at Counter 2 rate 

010 Shift in at <t>2 clock rate 

011 Shift in at external clock rate 

100 Free-running output at Counter 2 rate 

101 Shift out at Counter 2 rate 

1 10 Shift out at <t>2 clock rate 

1 1 1 Shift out at external clock rate 

0 Decrement Counter 2 on <t>2 clock, in one-shot mode 

1 Decrement Counter 2 on external pulses input via PBS 

0 Disable output via PB7 \ 

1 Enable output via PB7 I 


■ 0 One-shot mode 
1 Free-running mode 


Counter 1 controls 


Figure 10-14. Auxiliary Control Register Bit Assignments 


7 6 5 4 3 2 1 0 



Peripheral Control register 

0 Request interrupt on high-to-low J 

transition of CAl f On interrui 

1 Request interrupt on low-to-high ( Interrupt F 

transition of CAl I 

000 CA2 input mode ) Request in 

001 CA2 independent input mode 1 high-to-lo' 

010 CA2 input mode ) Request in 

01 1 CA2 independent input mode ) low-to-hig 

100 CA2 output low on CPU read or write 

101 CA2 output low pulse on CPU read or write 

1 10 Output CA2 low 

111 Output CA2, high 

0 Request interrupt on high-to-low I 

transition of CB1 f On interrui 

1 Request interrupt on low-to-high / Interrupt F 

transition of CB1 1 

000 CB2 input mode 1 Request in 

001 CB2 independent input mode f high-to-lo' 

010 CB2 input mode ) Request in 

011 CB2 independent input mode ) low-to-hig 

100 CB2 output low on CPU write 

101 CB2 output low pulse on CPU write 

110 Output CB2 low 

1 1 1 Output CB2 high 


On interrupt request set 
Interrupt Flag register bit 1 

Request interrupt on 
high-to-low CA2 transition 
Request interrupt on 
low-to-high CA2 transition 


On interrupt request set 
Interrupt Flag register bit 4 

Request interrupt on 
high-to-low CB2 transition 
Request interrupt on 
low-to-high CB2 transition 


On interrupt 
request set 
Interrupt Flag 
register bit 0 


On interrupt 
request set 
Interrupt Flag 
register bit 3 
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If bits 3, 2 and 1 of the Peripheral Control register contain 101, then CA2 will pulse low for one clock period when you 
access the I/O Port via the select code 0001 2; 


“ n /~ \ / ~~v 


CA2 




I 

CPU just read from, or wrote to 
I/O Port A via select code CiOOij 


If bits 3, 2 and 1 of the Peripheral Control register contain any other values, CA2 will not be affected by the CPU access- 
ing I/O Port A via select code 0001 2 (DEV+1). 

If CA2 makes an active transition when you access I/O Port A, then any interrupts pending for CA1 or CA2 will 
be cleared. 

If you access I/O Port A via the select code IIII 2 (DEV+F), then CA2 is unaffected, whatever Peripheral Control 
register bits 3, 2 and 1 contain. 

Notice that bits 3. 2 and 1 of the Peripheral Control register primarily determine whether control signal CA2 will be an 
input or an output control. We have seen two of the output control options. The remaining two output options force 
CA2 to be either output high or low. 

Let us look at the CA2 input options, which are also specified via Peripheral Control register bits 3, 2 and 1. If any input 
option has been specified, then it makes no difference whether you access I/O Port A via the select code 0001 2 
(DEV-H1 ) or 1 1 1 1 2 (DEV-f-F); since CA2 has been specified as input control, it cannot be output low or pulsed low when 
you access I/O Port A. 

The CA2 input options available to you are as follows: 

1) You can specify that a CA2 input high-to-low, or low-to-high transition will generate an interrupt request. 

2) You can specify that any interrupt pending from a CA2 active transition will, or will not be cleared when I/O Port A 
is accessed via the select code 0001 2 (DEV-FI). Accessing I/O Port A via the select code 1 1 1 1 2 (DEV-FF) will never 
affect any pending interrupt statuses. In Figure 10-15, CA2 "input mode” means prior CA2 active transition 
interrupt requests are cleared when you access I/O Port A via select code 0001 2 (DEV-fl); no such inter- 
rupt reset occurs in "independent input" mode. 

Peripheral Control register bit 0 determines whether input control signal CA1 will generate an interrupt request on a 
high-to-low, or a low-to-high transition. One or the other transition will always cause an interrupt — and the only way 
of ignoring CA1 interrupts is to individually disable them. We will describe how this is done later when we discuss in- 
terrupt logic in general. 

If you access I/O Port A via the select code 0001 2 (DEV-F1), and you cause CA2 to output low by storing 100 in bits 3, 2 
and 1 of the Peripheral Control register, then CA2 will return high again when CA1 makes its active transition. This may 
be illustrated as follows: 


CA1 


CA2 


CPU accesses 
I/O Port A 



External logic acknowledges 
with active CA1 transition 


While handshaking options available with I/O Port A may seem complex, in reality they are quite simple. For 
easy reference, options are summarized in Table 10-5. 

Next, consider I/O Port B. 

If you look upon I/O Port B simply as a data transfer conduit, then it is very similar to I/O 
Port A, simply lacking a few I/O Port A features. 

Like I/O Port A, I/O Port B has a Data Direction register (select code 001 02 or label DEV+2), 
which you use to identify input and output pins. You must load a mask into this register in 
order to assign individual I/O port pins to input or output. A 0 in any bit of the Data Direction register will cause the cor- 
responding I/O Port B pin to input data only. A 1 in any bit position will cause the corresponding I/O Port B pin to out- 
put data only. 


MCS6522 
I/O PORT B 
DATA TRANSFER 
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Table 10-5. Summary of I/O Port A Handshaking Control Signals 
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Table 10-5. Summarv of I/O Port A Handshaking Control Signals (Continued) 
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You must enable I/O Port B by loading a 1 into bit 1 of the Auxiliary Control register, just as you had to enable I/O Port 
A. 

Subsequently, you access I/O Port B via the single select code OOOO2. 

You have to load an appropriate code into bits 4 - 7 of the Peripheral Control register to define the way in which control 
signals CB1 and CB2 will operate, just as you had to load a code into bits 3 - 0 of the Peripheral Control register to 
define control signal CA1 and CA2 operations. The only difference between control signals CBl and CB2, as compared 
to control signals CA1 and CA2, pertains to codes 100 and 101 in bits 7, 6, 5 or 3, 2, 1 of the Peripheral Control register. 
Code 100 causes CA2 or CB2 to output low when appropriate conditions exist, while code 101 causes the signal to 
pulse. For I/O Port A, "appropriate conditions" consist of the CPU reading or writing, while selecting I/O Port A via the 
select code 0001 2 (DEV+1). For I/O Port B, "appropriate conditions" consist of the CPU writing, but not reading, ac- 
cessing 1/0 Port B via the select code OOOO2 (DEV) — the only select code available for I/O Port B. 

I/O Port B also has a simpler interface with the CPU Data Bus. Rather than having separate output buffer and input 
latches, there is a single output buffer, which is accessed by the CPU when reading from, or writing to I/O Port B. 
Coupled with the different pin configuration, which we have already described for I/O Port B, you can guarantee that 
bit levels written to I/O Port B output pins will subsequently be read back accurately. 

The more limited capabilities of I/O Port B reflect the fact that pins 7 and 6 of this I/O port may be used by Interval 
Timer logic. Thus, the MCS6522 will frequently be configured with I/O Port A providing parallel I/O, while I/O Port B 
provides various types of control dialogue. 

MCS6522 INTERVAL TIMER LOGIC 

The most important point to note regarding the additional functions associated with I/O Port B is that they have 
logical priority over simple data transfers; what this means is that the Interval Timers and Shift register may, under 
some circumstances, use I/O Port B pins, control signals and interrupt logic. When Interval Timer or Shift register re- 
quirements are in conflict with simple data transfer, then Interval Timer or Shift register requirements will prevail. 

Let us look at a specific example: pins of I/O Port B are used by Interval Timer logic as follows: 

Interval Timer 1 outputs or 
Interval Timer 2 inputs 


Suppose you have identified I/O Port B pin 7, via the Data Direction register, as an input pin: Interval Timer 1 uses this 
pin to output pulses or square waves and will override the Data Direction register. 

It is a good idea not to use I/O Port B for parallel data transfer while you are using Interval Timer or Shift register 
logic. Also, exercise caution when using both Interval Timers, or when using the Serial Shift register in conjunc- 
tion with Interval Timers. 


7 
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Let US first examine Interval Tinier 1. This is the more versatile of the two MCS6522 Inter- 
val Timers; it is most easily understood if visualized as follows: 


16-Bit Latch register 


High-Order 


Low-Order 

Latch Byte 


Latch Byte 



16-Bit Counter register bit 6 = 1 


MCS6522 
INTERVAL 
TIMER 1 


You select from among its many functions by appropriately loading bits 7 and 6 of the Auxiliary Control register 
(ACR). 


Interval Timer 1 addressing via select codes may be illustrated as follows: 

Select Select 

Code Code 

Select Select 



Select codes 01 IO2 (DEV+6) and 01 1 1 2 (DEV+7) are quite straightforward. The former accesses the low order Latch 
byte to read or \A/rite; the latter accesses the high order Latch byte to read or write. 

Select codes OIOO2 (DEV-f4) and 01 01 2 (DEV+5) are not so straightfoiward. If you access the MCS6522 PIA with 
select codepi002 (DEV-l-4), you will write into the low-order Latch bytd, but you will read the contents of the low-order 
Counter byte. , . 

If you access the N/ICS6522 PIA with select code OIOI2 (DEV-l-5), you will read the contents of the high-order Counter 
byte; but upon writing, you will access the high-order Latch byte and the high order Counter byte, while 
simultaneously transferring the low-order Latch byte contents to the low-order Counter byte. This allows a clean 
method of loading 16 bits of data into the Counter byte following the execution of a single instruction. 

Writing to select code 01 01 2 (DEV-P5) will also initiate a new Timer interval. 
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The two Counter registers constitute a 1 6-bit entity which is decremented on the trailing edges of the 02 clock pulse. 
The initial value loaded into the Counter' registers identifies the interval of the Counter. An active time-out of the 
Counter is marked by an interrupt request. 

If the Counter is connected to pin 7 of I/O Port B. then an active time-out will also cause the signal output at pin 7 of I/O 
Port B to invert or pulse low, depending on the mode in which the Interval Timer is operating. 

A 1 in bit 6 of the Auxiliary Control register will connect Counter logic to pin 7 of I/O Port B. A 0 in bit 6 of the Auxiliary 
Control register disconnects Counter logic from pin 7. 

Via bit 7 of the Auxiliary Control register, you can connect or disconnect Counter and Latch logic. A 0 in bit 7 of the 
Auxiliary Control register is a disconnect, whereas a 1 is a connect. 

Referring to Figure 10-14, "One-Shot Mode" refers to disconnected Latch and Counter logic, while "Free Run- 
ning Mode" refers to connected Latch and Counter logic. 

If Counter logic is disconnected from the Latch registers, then following Counter initiation there will be one active time- 
out, after which the Counter will continuously redecrement from OOOOi 0 , through FFFFi 5 , and back to OOOO 1 5 . Subse- 
quent counts are inactive — which means that no interrupt will be requested, and if connected to pin 7 of I/O Port B, 
no signal changes will be output. 

If Counter logic is connected to the two Latch registers, then every time the Counter times out, it is immediately 
reloaded with the contents of the Latch registers — and begins another active time out. Under these circumstances, 
every Counter time out is active — and will be marked by an interrupt request, plus a signal level change at pin 7 ot I/O 
Port B, if this pin is connected to Counter logic. 

While the Interval Timer 1 options may appear complicated, in fact they are very simple. 

To you, as a programmer, there is only one option that you must define when using Interval Timer 1 of the 
MCS6522: do you want the Iniervai Timer to operate in one-shot or free running mode? 

Let us first consider One-Shot Mode, which is selected by having a 0 in bit 7 of the Auxiliary 
Control register. 

Recall that in One-Shot Mode the Counter is disconnected from the Latch registers. For practical 
reasons, however, this disconnection is not complete; you have to initiate a time out by loading an 
initial value into the high-order and low-order Counter bytes; but the Counter is continuously run- 
ning. Were you to load the low-order byte, and then the high-order byte to the Counter register, 
problems could arise, because the, low-order byte would start decrementing before you had completed loading the 
high-brder byte. To resolve this problem, you initially load the low-order Counter register byte value into the low-order 
Latch register byte; then you directly load the high-order Counter register byte. You do this by writing into the memory 
addresses associated with select codes OIOO 2 (DEV-F4) and OIOI 2 (DEV-F5). When you write into select code OIOO 2 
(DEV-F4), you load the low-order byte of the initial Counter value into the low-order Latch register byte. When you write 
into select code 0101 2 (DEV-F5), you load the high-order Latch register byte, but immediately the 1 6 Latch register bits 
are loaded into the Counter, which starts decrementing. As soon as the Counter times out, an interrupt is requested; 
and if, via Auxiliary Control register bit 6 , you have connected I/O port pin 7 to the Counter, then a low pulse will be 
output via pin 7. the low pulse will have a width of one 02 clock period: 

^ r~\ n_.. 


Pin 7 

Initiate a 
iime interval 



Time out 


MCS6522 
INTERVAL 
TIMER 1 
ONE-SHOT 
MODE 


Note that when using an MCS6522, the onus is upon you to hnake sure that all programmable signal levels are at their 
correct level. In the Illustration above, 02 is not a programmable signal, so you can ignore it. The pin 7 level is program- 
mable; it is up to you to make sure that a high level is being output at pin 7, or else a low pulse will not occur. 

What we are saying is that Interval Timer 1 logic will not insure that pin 7 is normally outputting a high level. You must 
first define pin 7 as an output by writing a 0 into bit 7 of the I/O Port B Data Direction register. Then you must output a 
1 to bit 7 of I/O Port B. Flaving thus established a contitiuous high level being output at pin 7, you can be sure of a low 
pulse marking an active time out. 
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Following a time out in the One-Shot Mode, the Counter decrements continuously via FFFF-10 to OOOO10. On subse- 
quent time outs no interrupt request occurs and no low pulse is output via pin 7 of I/O Port B. 

If you have specified the free running mode by loading 1 into bit 7 of the Auxiliary Con- 
trol register, then as soon as the Counter times out. Latch register contents are immediately 
transferred to the Counter register, which again decrements to an active time out. Thus a se- 
quence of interrupt requests, with optional signal output via pin 7 of I/O Port B will occur — 
but there are some differences. 

When using Interval Timer 1 in free running mode, you initialize exactly as you do for the one-shot mode; you load the 
low-order and high-order Counter bytes via select codes OIOO2 (DEV-f4) and 01 01 2 (DEV-F5). As soon as you write into 
select code 01 01 2, the Latch contents are transferred to the Counter, which starts decrementing. While the Counter is 
decrementing you can reset the next Counter initial value by writing into the Latch register using select codes 01 IO2 
(DEV-F6) and 01 1 12 (DEV-F7). Now as soon as the Counter times out, the new value you have loaded into the Latch 
register becomes the next initial Counter value. 

If you have connected I/O Port B pin 7 to the Counter by storing 1 in Auxiliary Control register bit 6, then each time the 
Counter times out. the signal output via pin 1 of I/O Port B is inverted, generating a square wave; this may be illustrated 
as follows: 


MCS6522 
INTERVAL 
TIMER 1 FREE 
RUNNING MODE 



Time Out 1 Time Out 2 Time Out 3 Time Out 4 etc 


Remember, you can, at any time, read the contents of Interval Timer 1 Counter or Latch registers. This gives you a com- 
plete ability to test and modify Timer intervals in any way, under program control, while Interval Timer 1 is operating. 

Now consider Interval Timer 2. 

MCS6522 Interval Timer 2 has logic which is markedly different from Interval Timer 1, 
which we have just described. Interval Timer 2 offers two modes of operation; 

1) One-shot mode with no signal output. 

2) Pulse counting mode. 

You select one of the two Interval Timer 2 options by appropriately setting bit 5 of the Auxiliary Control register, as il- 
lustrated in Figure 10-14. 

One-shot mode, with no signal output, is identical in operation to one-shot mode with no signal output, as described for 
Interval Timer 1. 

Pulse counting mode is an alternative one-shot mode: the Interval Timer 2 Counter decrements on high-to-low transi- 
tions of signal input via pin 6 of I/O Port B. Thus, in the pulse count mode. Interval Timer 2 will count out after the num- 
ber of high-to-low transitions specified by the initial Countervalue. For example, if you initially load 2000i 0 into the In- 
terval Timer 2 Counter, then after 8192 high-to-low transitions of the signal input via pin 6, an active time out will oc- 
cur. 

Following an active time out, an interrupt is requested. Subsequently, Interval Timer 2 continues to decrement con- 
tinuously from OOOO-|0 through FFFF-10 ^^d back to 0000-) 0; on subsequent time outs however, no interrupt request is 
generated. Subsequent time outs are passive. 


MCS6522 
INTERVAL 
TIMER 2 


Since the logic capabilities of Interval Timer 2 differ from Interval Timer 1, as we might expect, the register organization 
and addressing logic associated with Interval Timer 2 also differs. It may be illustrated as follows; 



16-Bit Counter register 


Pulse Counting Mode 
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Interval Timer 2 is accessed via two select codes, IOOO2 (DEV+8) and IOOI2 (DEV+9); addressing may be illustrated 
as follows: 


Select Select 



Since Interval Timer 2 has no free running option, there is no need for a high order Latch register byte; the sole purpose 
of such a location is to store a high-order Counter byte, waiting to be loaded into the Counter register when it times out. 
You do need a low-order Latch register byte, because when loading the Counter register, you still have to make two ac- 
cesses. You cannot load the low-order Counter byte, and then load the high-order Counter byte; the Counter is con- 
tinuously decrementing and would start decrementing the low-order Counter byte while you were loading the high- 
order Counter byte. 

The initiation procedure for Interval Timer 2, whether you are in one-shot mode or pulse counting mode, is to write the 
low-order Counter byte to select code ■10002 (DEV-f8); then the high-order Counter byte to select code IOOI2 
(DEV+9). As soon as you write the high-order Counter byte to select code 1001 2 (DEV+9), Interval Timer 2 logic 
transfers the contents of the low-order Latch byte to the low-order Counter byte — and initiates decrementing. 

If you are in one-shot mode, the Counter register is decremented on each high-to-low transition of the <t>2 clock pulse. 

If you are in pulse counting mode, the Counter decrements on each high-to-low transition of a signal input via pin 6 of 
I/O Port B. 

That is the only difference between the two modes. 

MCS6522 SHIFTER LOGIC 

MCS6522 Shifter logic may be illustrated as follows: 



Enable Strobe or out via CB2 


As illustrated above, serial data may be shifted into bit 0 or out of the Shift register bit 7. Serial data is transfer- 
red via control signai CB2. 

When you shift into bit 0 the data transfer is accompanied by a one-bit left shift of the Shifter contents. When you shift 
out of bit 7, the data transfer is accompanied by a one-bit left rotate of the Shifter contents. 
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Every serial bit data transfer is enabled by a strobe signal. The strobe may be derived from: 

1) A signal input by external logic via CB1. 

2) The 02 clock signal. 

3) Interval Timer 2 active time-outs. 

If the enable strobe is derived from external logic via CB1 or from 02, then the high-to-low transition of either signal 
triggers the enable strobe. 

If the shift enable strobe is derived from Interval Timer 2. then only the low-order eight Counter bits for Interval Timer 2 
are decremented. 

There are seven modes in which the Shifter can be operated; three are input modes and four are output modes. 
You select an appropriate mode by the code loaded into bits 5, 4 and 3 of the Auxiliary Control register. Let us examine 
the response of Shifter logic to the eight possible Auxiliary Control register bit combinations. 

Mode 000; disable Shift register. When Auxiliary Control register bits 5, 4 and 3 are 000, the Shift register is dis- 
abled. Control signals CB1 and CB2 respond as defined by bits 7, 6 and 5 of the Peripheral Control register. While the 
Shift register is disabled, the CPU can still write into it and read from it; you, as a programmer, can therefore use it as a 
storage location for a single data byte. 

Mode 001; input under Interval Timer 2 strobe. Auxiliary Control register bits 5, 4 and 3 set to 001 specify serial 
data shifted in, as timed by Interval Timer 2. However, only the low-order byte of Interval Timer 2 is active, which 
means that 256 is the maximum initial Interval Timer 2 count which can be used. A low pulse with a width of one 02 
clock is output via CB1 on each Interval Timer 2 time-out, as a signal that external logic must provide the next serial 
data bit to be input. Interrupts are generated, as usual, following each time-out; an additional interrupt is generated 
after eight bits in the Shift register have been serially output. 

When Interval Timer 2 is being used to strobe the Shift register in Mode 001 , then it operates in a unique mode which 
is not available at any other time. 

Whenever Interval Timer 2 times-out, the contents of the low-order Latch byte are immediately transferred to the low- 
order Counter byte — and decrementing resumes. Thus, Interval Timer 2 is operating in a free-running mode, with only 
the low-order Counter byte active. As this would imply, you must initiate Interval Timer 2 by loading the appropriate in- 
itial count into the low-order Timer 2 Latch byte — before enabling the Shift register in Mode 001 . Following a time-out 
you can, of course, reload the Interval Timer 2 low-order Latch byte to modify the next time interval. Timing may be il- 
lustrated as follows: 


Interval Timer 2 time-outs strobe shifter 



within this time interval 


Note that it is your responsibility as a programmer to ensure that all logic needed by the Shifter has been appropriately 
set for operations illustrated above. This means that you must program Interval Timer 2 to redecrement following each 
time-out by writing a 0 into select code 1001 2 (DEV-f9), the high-order Timer 2 Counter byte. 

Since control signals CB1 and CB2 are being used by the Shift register in this mode of operation. Shift register require- 
ments will override any CB1 and CB2 control signal specifications that have been made via bits 7, 6, 5, and 4 of the Pe- 
ripheral Control register. 
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Mode 010; input under 02 clock strobe. This mode is specified by 010 in bits 5, 4 and 3 of the Auxiliary Control 
register. 

In Mode 010, and in all other Shift register modes that are clocked by 02, shifting stops on the eighth shift — which is 
marked by an interrupt request. Timing may be illustrated as follows: 


Shifting stops 



I 


Interrupt 

request 


Mode Oil; input under external pulse strobe. This mode is specified by 01 1 in bits 5, 4 and 3 of the Auxiliary Con- 
trol register. This mode is equivalent to the standard serial input found in most serial I/O devices, where external logic 
provides the clocking signal which is used to time in serial data. In this case, external logic provides a clocking signal 
via CB1; a high-to-low transition of CB1 is interpreted by the Shift register as a strobe to input the next serial data bit 
from CB2. 

Timing may be illustrated as follows: 



i 

Interrupt 

request 


As was the case with Mode 001, shifting is continuous. So far as external logic is concerned it is shifting in an endless 
stream of serial data bits. Shifter logic generates an interrupt request every eighth shift so that the CPU will know when 
to read the contents of the Shifter. The CPU has the time interval between a Shifter interrupt and the next high-to-low 
transition of CB1 within which to read Shifter register contents. If the CPU does not read Shifter register contents in this 
time interval then an error will occur but no error status will be reported. 

Shift register use of control signals CB1 and CB2 overrides specifications made for these signals via bits 7, 6, 5 and 4 of 
the Peripheral Control register; however, the policy of overriding adopted by the designers of the MCS6522 is some- 
what subtle. Since control signal CB2 is used as a serial data input signal, any specifications made for this signal via the 
Peripheral Control register are totally ignored. Specifications made for control signal CB1, however, remain. If you have 
enabled I/O Port B via bit 1 of the Auxiliary Control register, then the active transition for control signal CB1 which is 
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specified by bit 4 of the Peripheral Control register will apply. Thus you will generate an interrupt whenever CB1 makes 
an active transition in the process of clocking in serial data. The two possibilities may be illustrated as follows: 



You can disable interrupts occurring as a result of active CB1 transitions via the Interrupt Enable register, which we 
have yet to describe. 

Let us now look at the output modes of the Shift register. In all output modes, the Shift register transfers the con- 
tents of bit 7 to control signal CB2. Simultaneously,. bit 7 contents are shifted back into bit 0. This may be illustrated as 
follows: 


7 6 5 4 3 2 1 

^•W I I I 




■ Bit No. 
Shifter 


Out to CB2 


Depending upon the serial output option you choose, CB1 may or may not be used as a companion control signal. 

Mode 100; free-running output under Interval Timer 2 strobe. This mode is selected via 100 in bits 5, 4 and 3 of the 

Auxiliary Control register. Data is shifted out of Shift register bit 7, clocked by Interval Timer 2, as described for input 
mode 001. Data shifted out appears on CB2. Shifting is continuous, which rineans that the bit pattern in the Shift 
register will output endlessly. 

Mode 101; output under Interval Timer 2 strobe. This mode is specified by 101 in bits 5, 4 and 3 of the Auxiliary 
Control register. It differs from Mode 1 00, which we have just described, in that once eight bits have been shifted out of 
the Shifter, an interrupt is requested and shifting halts. 

You can output continuously under Mode 101 by making appropriate use of Shift register interrupts and Interval Timer 
2. The Shift register interrupt occurs on the eighth shift out of the Shifter: but within the time it takes for Interval Timer 
2 to again time-out, you can reload the Shifter. If you reload the Shifter during this time interval, then on the next time- 
out of Interval Timer 2, shifting will begin again, and thus become an uninterrupted bit stream on signal CB2. 

Mode 110; shift out under <I>2 pulse. This mode is selected via 1 10 in bits 5, 4 and 3 of the Auxiliary Control register. 
In this mode eight bits are shifted out of the Shift register, clocked by <I>2. Then shifting ceases. 

These are the steps you must adopt when using the Shifter in Mode 110: 

1) Disable the Shifter by loading 000 into bits 5, 4 and 3 of the Auxiliary Control register. 

2) Load a byte of data into the Shifter. Remember the data you load will be shifted high-order bit first. 

3) Enable the Shifter by loading 1 10 into bits 5, 4 and 3 of the Auxiliary Control register. 

4) Again disable the Shifter by loading 000 into bits 5, 4 and 3 of the Auxiliary Control register. 

In Mode 1 10, data will be shifted out on every high-to-low transition of the 4>2 clock pulse. Thus the entire shift opera- 
tion will be completed in eight clock pulses. 

Mode 111; shift out under external pulse strobe. This mode is identical to Mode 101, except that instead of output 
being timed by Interval Timer 2, external logic provides the output timing pulse via control signal CB1 . As was the case 
for input mode Oil, the high-to-low transition of the external timing signal input via CB1 causes serial data to be 
shifted out of the Shift register. Once again, unless you have disabled CB1 interrupts via the Interrupt Enable register, 
the condition of bit 4 in the Peripheral Control register will cause the interrupts to be requested each time control signal 
CB1 makes a high-to-low or a low-to-high transition. 
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MCS6522 INTERRUPT LOGIC 

Interrupt logic is one of the first things you must initialize when starting to use an MCS6522. It is the last subject we 
describe, because in order to understand MCS6522 interrupts, you must first be aware of the numerous ways in which 
interrupt requests may originate within this device. 

There are two addressable locations within the I\/ICS6522 dedicated to interrupt logic: 

1) The Interrupt Flag register, selected by 1 101 2 (DEV+D). 

2) The Interrupt Enable register, selected by 1 1 1O2 (DEV+E). 

These two registers have individual bits assigned to the different interrupt requesting sources as follows: 


7 6 5 4 3 2 1 0 



Bit No. 

Interrupt Flag register 
Interrupt Enable register 

Active transition of CA2 
Active transition of CA1 
Active transition of CB2 
Active transition of CB1 
Shift register eighth shift 
Interval Timer 2 time-out 
Interval Timer 1 time-out 
Enable/disable specification 
Any active interrupt request 


The Interrupt Flag register identifies those interrupts which are active. A 1 in any bit position indicates an active 
interrupt, whereas a 0 indicates an inactive interrupt. 

You can selectively enable or disable individual interrupts via the Interrupt Enable register. You enable individual 
interrupts by writing to the Interrupt Enable register with a T in bit 7. Thus you could enable "time-out for Timer 1” and 
"active transitions of signal CB1" by outputting C8i0 to the Interrupt Enable register: 

7 6 5 4 3 2 1 0 Bit No. 

0 ^ Interrupt Enable Register 

T 

* " Bit 3, active transition of CBI 

^ Bit 6, Interval Timer 1 time-out 

* ■ Enable specified 

You selectively disable interrupts by writing to the Interrupt Enable register with bit 7 set to 0. Thus you would disable 
time-outs from Timer 1 and active transitions of signal CBI by outputting 48i6 to the Interrupt Enable register. 

If an active interrupt exists in the Interrupt Flag register for an interrupt which has been enabled via the Interrupt Ena- 
ble register, then bit 7 of the Interrupt Flag register will be set — and an interrupt request will be passed on to the CPU 
by setting IRQ low. The interrupt service routine executed in response to an interrupt request from the l\/ICS6522 must 
read the contents of the Interrupt Flag register in order to determine the source of the interrupt, and thus the manner in 
which the interrupt must be serviced. 

You can clear any bit in the Interrupt Flag register, except bit 7, by writing a 1 to that bit. Writing a 0 to a bit has no 
effect. Thus, if interrupt requests were being made from time-out of Timer 1 and an active transition on CA1 : 

765432 10 " ^ Bit No. 

* Interrupt Flag register 

Writing either 82i0 or 02 j 0 (DEV-FD) to select code 1 101 2 (DEV-FD) would clear the interrupt due to an active transi- 
tion on CA1 (bit 1); however, bits 7 and 6 would remain set. 

There are a number of ways in which interrupt requests are automatically cleared, and the corresponding Interrupt Flag 
register bits get reset. These are summarized in Table 10-6. 
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Table 10-6. A Summary of MCS6522 Interrupt Setting and Resetting 


r 

SET 

CLEARED BY 


Time-out of Timer 1 

Reading Timef 1 Low Order Counter 
or writing T1 High Order Latch 

H 

Time-out of Timer 2 

Readirig Timer 2 Low Order Counter 
or writing T2 High Order Counter 

H 

Completion of eight shifts 

Reading or writing the Shift register 

B 

Active transition of the 
signal on CB1 

Reading from or writing to I/O Port B 

B 

Active transition of the 
signal on CB2 (input mode)- 

Reading from or writing to I/O Port B 
in input mode only 

1 

Active transition of the 
signal on CA1 

Reading from or writing to I/O Port A 
using address 0001 1 

0 

Active transition of the 

Signal on CA2 (input mode) 

Reading from or writing to 1/6 Port A 
Output register (ORA) using 
address 0001 t in input mode only 


THE MCS6530 MULTIFUNCTION SUPPORT LOGIC DEVICE 


This is a device which appears to have been designed by MOS Technology as an answer to one-chip microcom- 
puters. 

In order to compete in low-end, high volume, price sensitive markets, MOS Technology came up with the MCS6530, 
which provides 1 K bytes of ROM, 64 bytes of RAM, two I/O ports, a Programmable Interval Timer and interrupt logic. 
The realities of the MCS6530 are such that if you use the Interval Timer and interrupt logic, one of the I/O pdrts is only 
partially functional. Nevertheless, an MCS6530 multifunction support device, together with an MCS6500 series CPU, 
can compete effectively with the two-chip microcomputers described in this book. 

If we look at the MCS6530 simply as a member of the MCS6500 microcomputer family of devices, it is best visualized 
as a memory device which, in addition, provides a significant subset of the MCS6522 logic capabilities. 

Figure 10-16 illustrates that part of our general purpose microcomputer logic which has been implemented on the 
MCS6530 multifunction logic device. Figure 10-16 also applies to the MCS6532, which we will describe next. 

The MCS6530 is packaged as a 40-pin DIP. It uses a single -F5V power supply. All inputs and outputs are TTL 
compatible. I/O Port A and B pins are also CMOS compatible. PAO and PBO may be used as a power source to 
directly drive the base of a transistor switch. 

The devices are implemented using N-channel silicon gate MOS technology. 

Figure 10-17 illustrates the logic provided by an MCS6530 multifunction logic device. 

THE MCS6530 MULTIFUNCTION DEVICE PINS AND SIGNALS 

The MCS6530 multifunction device pins and signals are illustrated in Figure 10-18. 

These signals are identical to signals with the same names which we have already described for the MCS6522: 

DO - D7 the bidirectional Data Bus 

<t>2 the system clock input 

R/W the Read/Write control output by the CPU 

RESET which is a standard reset input 

I/O port pins PAO - PA7 and PBO - PB7 are functionally similar to equivalent I/O port pins of the MCS6522, but 
there are some differences. 

Pin 1 7 may b e specified, when you order the MCS6530, as IRQ only. PB7 only, or as the programmable dual func- 
tion pin IRQ/PB7. 
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Electrical characteristics of all 16 MGS6530 I/O port pins are equivalent to MCS6522 I/O Port B pins, rather than I/O 
Port A pins. 

MCS6530 pins 18 and 19 may implement I/O Port B pins PB6 and PBS, or they may serve as chip select pins. 

Note carefully that these are not programmable dual function pins. Each pin will either have one function or the other; 
and when ordering the part, you must indicate which function the pin is to serve. Pins 18 and 19 are logically indepen- 
dent, and the function assigned to one in no way restricts the choices available to you when assigning functions to the 
other pins. 

If pins 18 and/or 19 have been assigned to chip select logic, then they contribute to device addressing in a uni- 
que way. 

The MCS6530 has ten address lines, AO - A9; this is sufficient to address 1024 bytes of ROM. 

In addition, the MCS6530 has 64 bytes of RAM plus assorted I/O and Interval Timer logic which 
needs to be addressed. RSO, CS1 and CS2 are used to discriminate between ROM addresses, RAM 
addresses and additional logic addresses. But there is no predefined way in which the different 
addressable locations of the MCS6530 will be accessed — which is only to be expected since CS1 and CS2 are not per- 
manent features of every MCS6530 device. When RSO is high, ROM will always be selected. When RSO is low, 
RAM or additional logic may be accessed — and the way in which the access works is entirely up to you. 


MCS6530 

ADDRESSING 

LOGIC 



Figure 10-16. Logic of the MCS6530 and MCS6532 Multifunction Support Devices 
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Figure 10-17. Logic Provided by the MCS6530 Multifunction Device 


RAM and additional logic each have an internal master select: and what you specify is the way in which these master 
selects will be derived. As you will see upon examining Table 10-7. master selects for RAM and additional logic each 
will consist of the following: 

1) RSO set to 0. 

2) Address lines A4 - A9 with specific values which you define. 

3) CS1 and CS2, if implemented, with specific values which you define. 

As seen by a programmer, the address space of an MCS6530 can be divided in many flexible ways. 
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Vss 

■PAO 

tp2 

RSO 

A9 

A8 

A7 

A6 

R/W 

A5 

A4 

A3 

A2 

A1 

AO 

. RESET 
IRQ/PB7 
•CS1/PB6 
•CS2/PB5 

Vcc 



Pin Name 

Description 

Type 

DO -07 

Data Bus to CPU . 

Trjstate. bidirectional 

ft>2 

System Clock 

Input 

R/W 

Read/Write control 

Input 

RESET 

Reset , 

Input 

PAO - PA7 

Port A Peripheral Data Bus 

Tristate. Input or Output 

PBO - PB7 

Port B Peripheral Data Bus 

Tristate, Input or Output 


Interrupt from Interval Timer; 
special function of input pin PB7 

Input 

CSI, CS2 

Chip Select 

Input 

A0-A9 

Address lines 

Input 

RSO 

ROM Select 

Input 

Vcc. Vss 

Power and Ground 



•Mutually exclusive functiSns. One or the other must be specified when the chip is ordered. 


Figure 10-18. MCS6530 Multifunction Device Signals and Pin Assignments 


Usually RSO will be connected to a high-order address line: let us assume it is A1 0, so that we can develop real exam- 
ples. Now ROM will be accessed by addresses in the range O4OO^0 through O7FF-|0. 


A15 A14A13A12 All A10 A9A8A7A6j«^A4^A3A2^1^ 
RSO A9 - AO 

0 0 0 0 01 0 000000000 


4 0 0 


0 OOO 0 11111111111 


7 F F 


Lower ROM limit 


Upper ROM limit 


RAM may respond to any 64 contiguous addresses in the range 0000] 0 through O3FF-|0. 

Similarly, I/O and timer logic will be selected by 16 contiguous memory addresses in the same address space. 
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In summary, we may illustrate addressing and select options as follows: 


A15A14A13A12A11 A10A9A8A7A6A5 A4 A3 A2A1 A0CS1 CS2 



There are a number of aspects to MCS6530 addressing which need clarification. 

First of all, you may well ask why pins 18 and 19 can optionally be assigned as additional chip select inputs. After all, 
with RSO low, you have more than enough address lines to access RAM plus I/O and timer logic. The purpose of having 
CS1 and CS2, as additional chip selects, is to allow a number of MCS6530 devices to interface with a single CPU — 
without requiring complex device select logic. If the additional chip select signals CS1 and CS2 are not available, you 
can still have more than one MCS6530 connected to a CPU, but additional support logic must selectively suppress 02 
for all but'one MCS6530 device. Remember, RSO, R/W and the Address Bus are all signals with two active and no 
passive states. These signals are always selecting some MCS6530 location. 

Since the whole purpose of the MCS6530 is to support very low cost, simple microcomputer configurations, the ability 
to minimize device select logic becomes very important. ‘ 

Observe that address logic is used npt only to access individual addressable locations within the MCS6530, but also to 
perform certain programming functions. We will describe these programming functions in greater detail later. It is in- 
teresting to note that both the MC6800 and MCS6500 microcomputer devices use address logic to provide control 
functions in support devices. In contrast, 8080A devices will be very spartan when it comes to device addressing, fre- 
quently having two I/O or memory addrqsses to access numerous different locations — with complex sequencing 
schemes determining how locations will be accessed. ■ 

MCS6536 PARALLEL DATA TRANSFER OPERATIONS 

Parallel data transfer operations, when using the MCS6530 are exactly as described for the MCS6522 I/O Port B. 

Each I/O port of the MCS6530 has a Data Direction register. Into this register you load a mask which has a 1 in every bit 
position corresponding to an output I/O port pin and a 0 corresponding to an input I/O port pin. Subsequently the CPU 
reads and writes data by accessing the assigned I/O port address. 

MCS6530 INTERVAL TIMER AND INTERRUPT LOGIC 

MCS6530 Interval Timer logic differs significantly from MCS6522 logic. The MCS6530 Interval Timer is a single 8-bit 
register which can be loaded with any initial value. The initial value decrements on high-to-low transitions of the ^2 
clock pulse, or multiples of the 02 clock pu|se; and on decrementing to 0, an interrupt request is generated. Thus the 
largest time interval generated by loading 0 into the Interval Timer register. 
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Table 10-7. Addressing the MGS6530 Multifunction Support Logic Device , 


1 PRIMARY SELECT 

ACCESSED LOCATIONS 

RSO 

RAM 

SELECT* 

I/O TIMER 

SELECT* 

1 

X 

X 

AO - A9 directly address one of 1024 ROM bytes 

0 

1 

0 

AO - A6 directly address one of 64 RAM bytes 





SECONDARY 







SELECT 


INTERPRETATION 




A3 

A2 

A1 

AO 


0 

0 

1 

X 

0 

0 

0 

Access I/O Port A 

0 

0 

1 

X 

0 

0 

1 

Access I/O Port A Data Direction register 

0 

0 

1 

X 

0 

1 

0 

Access I/O Port B 

0 

0 

1 

X 

0 

1 . 

1 

Access I/O Port B Data Direction register 

0 

0 

1W 

0 

1 

X 

X 

Disable IRQ 

0 

0 

1W 

1 

1 

X 

X 

Enable IRQ 

0 

0 

1W 

, X 

1 

0 

.0 

Write to timer, then decrement every <t>2 pulse 

0 

0 

1W 

X 

1 

0 

1 

Write to timer, then decrement every 8 <l>2 pulses 

0 

0 

1W 

X 

1 

1 

0 

Write to timer, then decrement every 64 '1>2 pulses 

0 

0 

1W 

X 


1 

1 

Write to timer, then decrement every 1024 <J>2 pulses 

0 

0 

1R 

X 


X 

0 

Read timer 

0 

0 

1R 

X 

1 

X 

1 

Read interrupt flag 


• RAM select and I/O select are "true' 


if 1, or "false" if 0; true and false are functions of your specifica- 


tion. You specify the combination of address lines that create a "true" line condition. 


X represents "don't care". Bits may be 0 or 1. 
1R represents Select during a read. 

1W represents Select during a write. 


As defined in Table 1 0-7, the Interval Timer has four addresses which you can use when loading an initial timer value. 
Each address specifies a. different decrement interval. The four decrement intervals are 1, 8, 64 or 1024 <]>2 clock 
pulses. 


Suppose the MCS6500 microcomputer system is being driven by a 500 nanosecond clock. The four decrement options 
mean that the Interval Timer may be decremented once every 1/2, 4, 32 or 512 microseconds. The timeout will occur 
anywhere from 1 to 256 decrements following the write into the Interval Timer. 


Following a timeout, an interrupt will be requested. When an interrupt request occurs, the interrupt flag will be set. 
This flag may be read by the CPU using the address shown in Table 10-7. 

The interrupt request will appear as a low level on pin 17 if the following conditions are met; 

1) Address line A3 is 1 when reading from or writing to the timer. 

2) PB7 has been programmed as an input by loading a 0 into bit 7 of the I/O Port B Data Direction register. (This is not 
necessary if the pin is factory masked to be IRQ only.) 

The interrupt to pin 1 7 is disabled when address line A3 is 0 on. a timer read or write. 

The interrupt request is cleared (that is, IRQ returns high) the next time the timer is written or read. 

Once the Interval Timer has timed out, it will decrement once more, from 0 back to 0. Then it will stop. Post-interrupt 
decrementing occurs on every 02 clock cycle, regardless of whether pre-interrupt decrements occurred every 1, 8, 64 
or 1024 02 clock cycles. 
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Figure 10-19. Logic Provided by the MCS6532 Multifunction Device 


THE MCS6532 MULTIFUNCTION SUPPORT LOGIC DEVICE 

This device is a variation of the MCS6530 which we have just described. 

The MCS6532 provides no ROM memory, but twice the RAM — 128 bytes. 

External logic can request an interrupt via the MCS6532 using a control signal which may be likened to the MCS6522 
CA1 or CB1. control input. 

The mask defined addressing options of the MCS6530 have been removed from the MCS6532: otherwise the balance 
of logic on the two devices is identical. 

Figure 10-16 also illustrates that part of our general purpose microcomputer system logic which has been imple- 
mented on the MCS6532 multifunction device. Figure 10-19 illustrates the logic functions provided by the 
MCS6532. 

The MCS6532 muitifunction device is packaged as a 40-pin DIP. It uses a single -I-5V power supply. All inputs 
and outputs are TTL compatible. I/O Port A and B pins are also CMOS logic compatible. Pins of I/O Port B may be 
used as a power source to directly drive the base of a transistor switch. 

The device is implemented using N-channel silicon gate MOS technology. 
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MCS6532 




VSS 

1 

A5 ^ 

2 


3 


4 


5 

6 




7 


8 

PA2 

9 

10 


PA3 — ► 

11 

PA4 

12 

PAS — ► 

13 

PA6 ^ 

14 

PA7 — ► 

15 

PB7 ► 

16 

PB6 

17 

PBS ^ 

18 

PB4 ^ 

19 


20 




40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 





A6 

<t>2 

CS1 

CS2 

RS 

R/W 

RESET 

DBO 

DB1 

DB2 

DB3 

DB4 

DB5 

DB6 

DB7 

IRQ 

PBO 

PB1 . 

PB2 

PB3 


Pin Name 

Description 

Type 

DBO - DB7 

Data Bus to CPU 

Tristate, Bidirectional 

4>2 

System Clock 

Input 

R/W 

Read /Write control 

Input 

RESET 

Reset 

Input 

PAO - PA7 

Port A Peripheral Data Bus 

Tristate, Input or Output 

PBO - PB7 

Port B Peripheral Data Bus 

Tristate, Input or Output 


Interrupt Request 

Output 

CS1, CS2, RS 

Device or internal register select 

Input 

AO - A6 

Address lines 

Input 

Vcc. vss 

Power and Ground 



Figure 10-20. MCS6532 Multifunction Device Signals and Pin Assignments 


MCS6532 MULTIFUNCTION DEVICE PINS AND SIGNALS 

The MCS6532 multifunction device pins and signals are illustrated in Figure 1 0-20. These are the only differences bet- 
ween MCS6532 and MCS6530 signals: 

1) IRQ, CS1 and CS2 are assigned, unique pins by the MCS6532; the MCS6530 requires you to choose individually 
between these three signals and the three high order bits of I/O Port B. 

2) For the MCS6532 to be selected, RS and CS2 must be low while CS1 is high. Recall that with the MCS6530, RSO is 
a signal which discriminates betv^een ROM and other addressable locations; you define the way in which CS1 and 
CS2, if present, will function when you order an MCS6530 part. 

Addressing the MCS6532 is a good deal simpler than addressing the MCS6530. since the 
MCS6532 has no ROM present, and it has separate Chip Selec t signals. You still must define RAM 
select and I/O timer selec t as a function of RS, CS1 and CS2 and address lines AO - A6. By con- 
necting RS, CS1 and CS2 to higher address lines, you can assign RAM or I/O timer logic various address spaces. This 
ability to define RAM and I/O Timer select as a mask option is a convenience, where with the MCS6530 it was fre- 
quently a necessity. With the MCS6532 you can accept whatever standard "off-the-shelf" option is being provided, 
and still have enough flexibility using RS, CS1 and CS2 to include a number of MCS6532 devices in a microcomputer 
configuration. 


MCS6532 

ADDRESSING 
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Table 10-8. Addressing the MCS6532 Multifunction Support Logic Device 


1 ' PRIMARY SELECT 

SECONDARY SELECT 

INTERPRETATION 

RAM 

SELECT 

I/O TIMER 
SELECT 

1 


A2 

B 

B 

1 

0 


X 

X 

X 

11 

AO - A6 directly addresses one of 128 RAM byteS' 

0 

1 


X 

0 

0 

n 

Access I/O Port A. . 

0 

1 


X 

0 

0 

1 

Access I/O Port A Data Direction register 

0 

1 


X 

0 

1 

0 

Access I/O Port B' 

0 

1 


X 

0 

1 

1 

Access I/O Port B Data Direction register 

0 

IW 


0 


X 

B 

Disable IRQ 

0 

1W 


1 

1 

X 

B 

Enable IRQ 

0 

IW 


X 

1 

0 

0 

Write to timer, then decrement every <t>2 pulse 

■ 0 

IW 


X 

1 

0 

1 

Write to timer, then decrement every 8 4>2 pulses 

0 

IW 


X 

1 

1 

0 

Write to timer, then decrement every 64 <(>2 pulses 

0 

IW 


X 

1 

1 

1 

Write to timer, then decrement every 1024 <l>2 pulses 

0 

1R 


X 

1 

X 

0 

Read timer 

0 

1R 


X 

1 

X 

1 

Read interrupt flags 

0 

IW 


X 


X 

B 

Request interrupt on high-to-low PA7 transition 

P 

1W- 


X 

1 

X 

n 

Request interrupt onJow-to-high PA7 transition 

0 

IW 


X 

1 

0 

B 

Enable PA7 interrupt request 

0 

IW 


X 

1 

1 . 

D 

Disable PA7 interrupt request 


X represents "don't care". Bits may be 0 or 1. 

1R represents Read access. 1W represents Write' access. 


© MCS6532 LOGIC FUNCTIONS 

Table 10-8 summarizes the way in which addressing is used both to access locations within the MCS6532 and to pro- 
vide various logic functions. 

The only logic of the MCS6532 which differs from the MCS6530 and needs to be described is the external interrupt re- 
quest capability. 

External logic requests interrupts via I/O Port A pin PA7. I/O Port A pin PA7 must be declared an input pin by loading 0 
into bit 7 of the I/O Port A Data Direction register. Data Direction registers have been described in conjunction with the 
MCS6522. A low-to-high or high-to-low transition on a signal input to PA7 will generate the interrupt request. An inter- 
rupt request will be accompanied by bit 6 of the Interrupt Flag register being set. Table 1 0-8 defines the way in which 
you select interrupt options. 

MCS6532 interrupt acknowledge logic requires the CPU to read the Interrupt Flags register. This read operation resets 
MCS6532 interrupt logic. 


10-55 














ADAM OSBORNE & ASSOCIATES. INCORPORATED 


DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 

. MCS6500 Series CPUs 
• MCS6530 Multifunction Device 
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MCS65XX Microprocessors , , 

ICOMMON CHARACTERISTICS I 


This device contains in- 
put protection against 
damage due to high static 
voltages or electric fields; 
however, precautions should 
be taken to avoid applica- 
tion of voltages higher 
than the maximum racing. 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V ± h%. Vss = 0. Ta = 25*’ C) 

01, 02 applies to MCS6512, 13, 14, 15, 0^ applies to MCS6502, 03, 04, OS and 06 


MAXIMUM RATINGS 


RATING 

SYMBOL 

VALUE 

j UNIT 

SUPPLY VOLTAGE 

Vcc 

-0.3 

to +7.0 

Vdc 

INPUT VOLTAGE 

Vin 

-0.3 

to -pT.O 

Vdc 

OPERATING TEMPERATURE 

T 

A 

0 

to +70 

‘C 

STORAGE TEMPERATURE 

T 

STG 

-55 

to -t-iso 

“c 


CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input High Voltage 





Vdc 

Logic, 0,., 

01.02 


Vss -E 2.4 

Vcc - 0.2 

- 

Vcc 

Vcc -E 0.25 


Input Low Voltage 

Loglc,0^ , 

01.02 

''iL 

Vss - 0.3 


Vss -E 0.4 



Vss - 0.3 

- 

Vss +0.2 


Input High Threshold Voltage 

'^IHT 





RES, NMI, RDY, IRQ, Data, 






S.O. 


Vss -t- 2.0 

- 

- 

Vdc 

Input Low Threshold Voltage 

''iLT 





RES, NMI, RDY, IRQ, Data, 

S.O. 


- 

- 

Vss +0.8 

Vdc 

Input Leakage Current 

(V - 0 to 5.25V, Vcc = 0) 

" Logic (Excl. RDY, S.O.) 

'in 



2.5 

pA 

01.02 


- 

- 

100 

UA 

0 /, . 


_ 


10.0 

pA 

o(ln) 





Three-State (Off State) Input Current 
(Vin “ Vcc * 5,25V) 

Data Lines 

^TSI 



10 

mA 

Output High Voltage 

dr-.^ - -lOOuAdc. Vcc » 4.75V) 

SYNC, Data, A0-A15.R/W 

''oH 

Vss +2,4 



Vdc 

Output Low Voltage 

(I... = 1.6mAdc, Vcc = 4.75V) 

SYNC, Data, A0-A15, R/W 

o 

> 



Vss + 0.4 

Vdc 

Power Dissipation 

^D 

- 

.25 

.70 

W 

Capacitance 

C 




PF 

(V, - 0, T = 25°C, f = IMHz) 






Logic 

C4 

in 

- 

- 

10 


Data 


- 

- 

15 


A0-A15, R/W, SYNC 

c 


. 

12 


out 





0 /, X 

Ca 

_ 

_ 

15 


o(ln) 

o(in) 





01 

% 

- 

30 

50 


02 

^2 

- 

50 

80 



Note: IRQ ind NMI require 3K pull-up resistors. 


Data sheets on pages 10-D2 through 10-D7 reprinted by permission of MOS Technology, Inc. 
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MCS65XX Microprocessors 


COMMON CHARACTERISTICS 






00 (IN) 


/ \_ 

.4V 

[m PWH0OL 

PWHaoH ► 


0, (OUT) 

‘ ' — V 

y 


PWH01 • 



02(OUT) 

^1.5V y/ 1.5V ^ 

V.4V V ./I 

\ 


1 

PWH02 ^ 



l-» REF "A" 

l-^REF "B" 



Clock Timing - MCS6502, 03, 04. 05, 06 



R/W 

1 


REF "B" 

T HRW— 

-.4 

V 

»c2.0V 

■ 

tha— ► 





ADDRESS FROM 
- MPU 

1.^ 

im 


1 

DATA FROM 

• 

Tads 

- 

2.0V j 

i 

I 

■! 

H 

MEMORY 


■n 

IIm” 

RDY.S.O 






-►{troy^so 


SYNC 

■a 


Timing for 


3ta from Memory or Peripherals 



R/W 

! 

■ 

M 

H 

^ 0.8V 

-- REF 

■.4V 






ADDRESS FROM 

MPU 

■ 





Tads 

- 

2.0V 1 

DATA FROM 


y 

MPU 

Timing for Writing Data to Mem 


TmDS - 9 ^ 

ory or Peripherals 

TMWf<— 


Note:' "REF." means Reference Points on clocks 
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MCS65XX Microprocessors 


1 MH^ TIMING 


2 MH 2 TIMING 


Clock Timing - MCS8512. 13. 14, 15 


CHARACTERISTIC 

SYMBOL 

M(N, 

TYP. 

MAX. 

CNIT 

Cycle Time 

^cvc 

1000 

... 

... 

nsec 


PWH 01 

PWH 02 

4 30 

470 

... 



Fall Time . 

(Measured from 0.2v to Vcc - 0,2v) 


— 

... 

B 




0 

... 


[m 


CLOCK TIMING -MCS6502, 03, 04, 05, 06 


CHARACTERISTIC 

SYMBOL 

MIN. 

RQI 

MAX. 


Cycle Time 


1000 

-- 

- 


'^o(IN) Width (measured at 1.5V) 

PWH(t 

460 

— 

520 


■^odN) 

TRdi ,TFA 
o o 

— 

— 

10 

ns 

Delay Time Between Clocks (measured 
at 1.5V) 


5 

”, 



'^l(OUT) Width (measured at 1.5V) 

PWHifrj - 

PWH*ol-20 

-- 

'’‘■’"♦oL 

HQH 

*^2 (OUT) Width (measured at 1.5V) 

PWHit.2 

PWH*oh'^0 

- 

PWH*^j|-I0 

ns 

l(OUT) ?(niIT) (Load = 30pf 

(measured .8V to 2.0 V) ^ j ^ 


" 

— 

.25 



READ/WRITF. TIMING 


CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNITS 

Read/Write Setup Time from MCS6500 


- 


300 

ns 


T 

ADS 

— 


300 

ns 

Memory Read Access Time 

"^ACC 

" 

— 

575 

■31 

Data Stability Time Period 

"'^DSU 

100 

" 

— 

ns 

Data Hold Time ^ Read 

T 

^HR 

10 

" 

“ 

ns 

Data Hold Time - Write 

T 

‘hw 

30 

mm 

— 

ns 

Data Setup Time from MCS6500 

'^MDS 

— 


200 

ns 

RDY, S.O. Setup Time 

^RDT 

100 

B 

” 

ns 

SYNC Setup Time from MCS6500 

^SYNC 

— 


350 

ns 

Address Hold Time 

^HA 

30 


“ 


R/W Hold Time 


30 

Bi 

— 

II^S 


Clock Timing - MCS6512, 13, 14. 15. 16 


CHARACTERISTIC 

S\'ME0L 

MIN. 

TYP. 

MAX. 

UNIT 

Cycle Time 

^tvc 

500 



nsec 

Clock Pulse Width .. 01 

(Measured at Vcc - 0.2v) 02 

PWH 01 

PWH 02 

215 

235 




Fall Tine 

(Measured from 0.2v to Vcc - 0.2v) 

"f 

...• 

... 

12 



"d 

0 

... 

... 

IB 


CLOCK TIMING - MCS6502, 03, 04, 05. 06 


CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNITS 

Cycle Time 

T 

CYC 

500 

-- 

-- 


^o(IN) Width (measured at 1.5V) 

- PWHifi^ 

240 


260 


'•'odN) 

TR6 ,TF(1> 
o o 

■ 

” 

10 

ns 

Delay Time Between Clocks (measured 
at 1.5V) 

^D 

5 

-- 

-- 

ns 

^I(OUT) Width (measured at 1,5V) 

PWH*j 

PWH* ,-20 
oL 

-- 

’’''’»*oL 

IIIQi 

*^2 (OUT) Width (measured at 1.5V) 

PWH!(!2 

PWH((1oh"*0 

“ 

pwh*oh-io 


*^2('nnT3 Fall Time 

i(OUT) 'iwp (Load = 30pf 

(measured .8V to 2,0 V) ^ j ^ 

BI 

— 

” ■ 

25 

H 


READ/WRITF. TIMING 


CHARACTERISTIC 

SYMBOL 

MIN. 


MAX. 

UNITS 

Read/Write Setup Time from MCS6500A 

T 

RWS 

- 

100 

.150 

ns 

Address Setup Time from MCS6500A 

T 

ADS 

— 

100 

150 

ns 

Memory Read Access Time 

T 

^ACC 

" 

" ■ 

300- ; 

ns 

Data Stability Time Period. 

T 

• DSU 

50 

- 

— 

ns 

Data Hold Time ^ Read 

^HR 

10 

— 

— 

ns 

Data Hold Time - Write 

^HW 

30 

^^1 

— ■ 

ns 



— 

B 


ns 


^RDY 

50 

B 

iB 

ns 


’^SYNC 

— 

— 

175 

ns 

Address Hold Time 

^HA 

30 

60 

— 


R/W Hold Time 

^HRW 

30 

mm 

— 
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MCS652X and MCS653X 


MAXIMUM RATINGS 


RATING 

SYMBOL 

VOLTAGE 

UNIT 

Supply Voltage 

VCC 

-.3 to +7.0 

V 

Input/Output Voltage 

mRsm 

-.3 to +7.0 

V 

Operating Temperature Range 

T 

OP 

0 to 70 

°C 

Storage Temperature Range 

T 

STG 

-55 to +150 

°C 


All inputs contain protection circuitry to prevent damage due to high 
static charges. Care should be exercised to prevent unnecessary . application 
of voltage outside the specification range. 


ELECTRICAL CHARACTERISTIC? (VCC = 5.0v + 5%. VSS = Ov, T^ = 25“ C) 


CHARACTERISTIC 

SYMBOL 

MIN. 

TYP . 

MAX. 


Input High Voltage 

''iH 



VCC 

V 

Input Low Voltage 

'^IL 

''SS--3 


V +.4 
SS 

■1 

Input Leakage Current; V^jq = Vgg + 5v 

A0-A9, RS, R/W, WS, 02, PB6*, PB5* 

hN 


1.0 

2.5 

yA 

Input Leakage Current for High Impedance State 
(Three State); V^^^ = . 4v to 2.Av; D0-D7 

^TSI 


±1.0 

±10.0 

yA 

Input High Current; V^^ = 2.4v 

PA0-PA7, PB0-PB7 > 

llH 

-100. 

-300. 


yA 

Input Low Current; V^^^ = . 4v 

PA0-PA7, PB0-PB7 

hL 


-1.0 

m 

MA 

Output High Voltage 

VCC = MIN, I^Q^ i -lOOuA(PA0-PA7,PB0-PB7,D0-D7; 
IlOAD 1 -3 MA (PA0,PB0) 

o 

> 

VSS+2.4 

VSS+1.5 

■ 


■ 

Output Low Voltage 

VCC = MIN, < 1.6MA 

LOAD — 

^OL 



VSS+.4 

V 

Output High Current (Sourcing) ; 

VOH > 2.4v (PA0-PA7,PB0-PB7,D0-D7) 

^ 1.5v Available for other, than TTL 
(Darlingtons) (PA0,PB0) 

^OH 

■i 

■1 

-1000 

-5.0 


yA 

MA 

Output Low Current (Sinking); VOL ’^^[pB§~PB7 

i ^OL 

■Hi 



MA 

Clock Input Capacitance 

^Clk 



30 

Pf 

Input Capacitance 

'"in 



10 

Pf 

Output Capacitance 

^OUT 



10 

pf 

Power Dissipation 

?D 


500 

1000 

MW 


*When programmed as address pins 
All values are D.C. readings 
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MCS652X §nd MCS6536 

WRITE TIMING CHARACTERISTICS 


CHAMCTERISTIG 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Clock Period 

T 

CYC 

■ 

■ 

10 

yS 

Rise & Fall Times 

TR, TF 



25 

NS 

Clopk Pulse Width 

TC 

470 


■ 

NS 

R/W valid before positive transition of clock 

TWCW 

180 


■ 

NS 

Address valid before positive transition of clock 

TACW 

180 


■ 

NS 

Data Bus valid before negative transition of clock 

TDCW 

300 


■ 

NS 

Data Bus Hold Time 

THW 

10 


■ 

NS 

Peripheral dhta valid after negative transition 
of clock 

TCPW 

■ 

■ 

■ 

yS 

Peripheral data valid after negative transition 
of clock driving CMOS (Level=VCC-30%) 

TCMOS 

■ 

■ 

2 

ys 


READ TIMING CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

R/W valid before positive transition of clock 

TWCR 

180 

■ 

■ 

NS 

Address valid before positive transition of clock 

TACR 

180 


■ 

NS 

Peripheral data valid before positive transition 
of clock . 

TPCR 

300 

■ 

■ 

NS 

M . 

Data Bus valid after positive transition of clock 

TCDR 

■ 


395 

NS 

Data Bus Hold Time 

THR 

10 


■ 

NS 

IRQ (Interval Timer Interrupt) valid before 
positive transition of, clock 

TIC 

200 

■ 

■ 

NS 


Loading = 30 pf + 1 TTL load for PA0-PA7, B30-PB7 
=130 pf + 1 TTL load for D0-D7 
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WRITE TIMING CHARACTERISTICS 
Figure 2 


CLOCK INPUT 

R/W 

ADDRESS 

PERIPHERAL 

DATA 

DATA BUS 

PB7(TRQ) 
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Chapter 1 1 
THE SIGNETICS 2650A 


The 2650A is functionally identical to the 2650 microprocessor which has been described in previous editions 
of this book. The 2650A is a redesigned chip that is smaller and cheaper to produce than the old 2650. 

The 2650A-1 is a new higher-speed version of the 2650A. 

Within the frame of reference of the microcomputers being described in this book, the Signetics 2650A is a 
very minicomputer-like device. 

The Signetics 2650A has a wealth of memory addressing modes; a large number of CPU-generated control sig- 
nals are aimed at allowing TTL logic to surround the microcomputer device itself, rather than requiring a family 
of support devices, as do most products described in this book. However, you will have very little trouble using sup- 
port devices of the 8080A with the Signetics 2650A CPU. MC6800 support devices can be used with the Signetics 
2650A — but with more difficulty. 

There are two support devices designed by Signetics specifically for the 2650A. They are: 

@ 1) The 2656 System Memory Interface (SMI). This is a multifunction support device that provides read-only 

memory, read/write memory and parallel I/O logic on a single chip. 

2) The 2651 Programmable Communications Interface (PCI). This is a universal synchronous/asynchronous data 
communications controller. 

The 2656 and 2651 are both described in Volume 3. This is because the two devices can be used as easily with a 
2650A, or with any other microprocessor. 

Interesting features of the 2650A, which are described on the following pages, are the imaginative use of 
status flags, a rich variety of very informative control signals, and the use of the second object code byte, in 
multibyte instructions, to encode memory addressing options. 

Figure 11-1 illustrates the logical functions implemented on the 2650A CPU chip. Memory and other external 
logic will connect directly to the 2650A address, data and control lines, without need for interface devices 
(other than buffer amplifiers needed to meet signal loads). 

The 2650A uses a single -I-5V power supply. 

Using a clock with a 0.8 microsecond period, 2650A instruction execution times vary between 4.8 and 9.6 microse- 
cpnds. Using a clock with a 0.5 microsecond period, instruction execution times vary between 3.0 and 6.0 microse- 
conds, 

All 2650A signals are TTL compatible. 

Signetics has a second sourcing agreement with National Semiconductor, whereby National Semiconductor is sup- 
posed to second source the 2650A. At the present time it does not look as though National Semiconductor will exercise 
this second source option. 

THE 2650A CPU LOGIC 

The 2650A CPU has a typical microcomputer organization. The Arithmetic and Logic Unit, the Control Unit and 
programmable registers are all implemented on the 2650A CPU. 

The additions and omissions shown in Figure 1 1-1, as compared to typical CPU logic, need some preliminary ex- 
planation. 

Although the 2650A has just one interrupt request line and one interrupt acknowledge line, CPU logic allows every in- 
terrupting device to force a vectored branch to its own unique interrupt service routine: for this reason, logic to handle 
interrupt requests is shown as an integral part of CPU chip logic. 




Logic to Handle 
Interrupt Requests 
from 

External Devices 


Arithmetic and 
Logic Unit 


Accumulator 

Registerfs) 


Instruction Register 


Data Counter{s) 


Stack Pointer 


Bus Interface 
Logic 


Program Counter 


ROM Addressing 
and 

Interface Logic 


RAM Addressing 
and 

Interface Logic 


I/O Ports 
Interface Logic 


Clock Logic 


Direct Memory 
Access Control 
Logic 


Interrupt Priority 
Arbitration 


System Bus 


I/O Communication 
Serial to Parallel 
Interface Logic 


Read/Write 

Memory 


Read Only 
Memory 


Programmable 

Timers 


Figure 11-1. Logic of the 2650A Microcomputer CPU 


Standard ROM and RAM devices can be connected directly to 2650A bus lines; therefore, the 2650A is shown as pro- 
viding complete memory interface logic. Note, however, that TTL load levels will almost certainly require that signal 
buffer amplifiers interface memory devices to the 2650A CPU. 

I/O port interface logic is shown as only partially implemented on the 2650A CPU chip. A 2650A-based microcomputer 
system with one or two I/O ports will require no special I/O port logic; control signals allow the Data Bus to be used 
either as a conduit to external devices or to memory. But if a 2650A-based microcomputer system has more than two 
separately addressable I/O ports, external I/O port select logic must be added. 

Figure 1 1-1 excludes clock logic from the CPU chip. The 2650A CPU does indeed require external logic to create its 
clock signal; however, a single TTL level clock signal with relatively lax tolerances is required. Therefqre, external 
generation of the clock signal will be both inexpensive and free of problems. 
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2650A PROGRAMMABLE REGISTERS 

In addition to a 15-bit Program Counter, the 2650A has seven 8-bit programmable registers which may be il- 
lustrated as follows: 


B Register 
Bank selected 


A Register 
Bank selected 


Primarv Accumulator 


8bitss.i,R0- 





Six Secondary Accumulators/Index Registers 
Provided by Register Banks A and B 


RO is a primary Accumulator. This register is always accessible. 

The remaining six 8-bit registers form two 3-register banks. A status bit (vyhich will be de- 
scribed later) is used to identify one of the two register banks as accessible at any given time. 
Thus, depending on the status bit setting, Registers RO, R1 A, R2A and R3A may be accessible, 
or else Registers RO, RIB, R2B and R3B may be accessible. 


2650A 

ACCUMULATOR 

2650A INDEX 
REGISTERS 


The six secondary registers serve as both secondary Accumulators and Index registers. 

The 2650A has no Data Counters, as do most microcomputers; rather, it uses the minicomputer philosophy of adding 
an index, out of an Index register, to a memory address which is computed from information provided by every Memory 
Reference instruction. 

The Program Counter is 15 bits wide; therefore up to 32,768 bytes of memory may be ad- 2650A PROGRAM 

dressed in the normal course of events. COUNTER 

2650A 

The two high-order bits of the Program Counter represent page select bits. 2650A memo- MEMORY 
ry is divided into four pages with 81 92 bytes of memory per page; this scheme is illustrated as PAGES 
follows: 

Program Counter 


H 13 12 11 10 9 8 7 6 5 4 3 2 1 0 — Bit No. 
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Pages are selected by Branch instructions, but we will defer to the discussion of addressing modes a description of 
how this is done. 

The 2650A has a primitive Stack, implemented on the CPU chip; this Stack is eight addresses | 2650A STACK | 
deep, and its use is limited to storing subroutine return addresses and interrupt return addresses. 

Subroutines and interrupts may therefore be combined to a nested level of eight. There are no Push and Pop type in- 
structions, and the Stack is indexed via three bits of a Status register. 

THE 2650A MEMORY ADDRESSING MODES 

The 2650A has an extensive and versatiie range of memory addressing modes. 

Primary and secondary memory referencing instructions each provide two sets of addressing options, one based 
on program reiative addressing and a two-byte instruction code, the other based on direct addressing and a 
three-byte Instruction code. These options are referred to in Tabie 11-1 as the program reiative addressing op- 
tions and the extended addressing options. 

instructions with program relative addressing options have the following object 
code: 


2650A PROGRAM 
RELATIVE ADDRESSING 
OPTIONS 


0 


Byte No. 


•Bit No. 



7-bit, signed binary displacement (-64 to 
+ 63) which is added to PC contents 
Indirect bit. If 1, program relative, 
indirect addressing is specified; if 0, 
direct program relative addressing is 
specified. 

One of four registers selected as 
source or destination of memory 
reference operation. The four registers are 
RO, R1A or RIB, R3A or R3B. 

Instruction operation code. 


In the above illustration, the second byte of the instruction code provides a program relative displacement in the range 
-f63 to -64. The displacement is provided as a 7-bit signed binary number; bit 6 is treated as the sign bit. The high- 
order bit of the displacement byte specifies direct or indirect addressing. 

If direct, program relative addressing is specified, then the effective memory address is created by adding the 7-bit 
signed binary displacement to the Program Counter contents — after the Program Counter contents have been incre- 
mented. Direct and indirect program relative addressing have been described in Volume I. Chapter 6; 2650A program 
relative addressing differs only in the shorter displacement which is allowed. 

If we are to relate the 2650A to our hypothetical microcomputer of Volurne I, Chapter 7, or to any of the other 
microcomputers described in this book, then the task of specifying direct or indirect addressing should fall to a bit with- 
in the first object program byte. The fact that the 2650A uses a bit of the displacement byte to specify direct or indirect 
addressing means that, in effect, the 2650A instruction set has more than 256 object code options available to it. This 
feature of the 2650A allows it to have a much more powerful instruction set — in the minicomputer sense of the 
word — than any of the other devices described in this chapter. The price paid is that most instructions generate two or 
three bytes of object code. There are very few one-byte object codes. Consequently, memory utilization is not as effi- 
cient as it might initially appear to be. 
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In all probability, indirect, program relative addressing will be more commonly used than direct, program relative ad- 
dressing. This is because microcomputer programs usually reside in read-only memory. If direct, program relative ad- 
dressing is used, then data bytes must be located within 64 bytes of the memory reference instruction. That excludes 
having instructions in ROM and data in RAM: therefore, only unalterable constants can be addressed using program 
relative direct addressing. 


Addressing range, all likely 
to bo within one ROM chip 




PROGRAM 



Program relative, memory 
reference instruction here 


Indirect, program relative addressing, on the other hand, only requires memory addresses to be positioned within 64 
bytes of the memory reference instruction; this is illustrated as follows, using arbitrary memory addresses to make the 
illustration easier to understand: 


Memory 

ROM Address ROM 



11-5 



Extended addressing options of the 2650A microcomputer may be illustrated as 2650A EXTENDED 
follows: ADDRESSING OPTIONS 



1 2 ^ Byte No. 



7654321 0 76543210 No. 

1 1 1 M 1 1 1 1 criTiTi n 

— 00 No indexed addressing 

01 Index with auto-increment 

10 Index with auto-decrement 

1 1 Simple indexed addressing 

' ■ 0 Direct addressing 

1 Indirect addressing 
If indexing is specified, post- 
indexed. indirect addressing occurs 


00 Register RO 

01 Register R1A or RIB 

10 Register R2A or R2B 

1 1 Register R3A or R3B 

This is the source/destination register, 
if direct addressing is specified. 

This is the Index register, and RO is the 
source/ destination, if indexed 
addressing is specified. 

> Instruction operation code 


All of the addressing options illustrated above have been described in Volume I, Chapter 6. To summarize, 
however, these are the addressing combinations which are allowed: 

1) Direct addressing (absolute or program relative) 

2) Direct indexed addressing 

3) Direct indexed addressing with auto-increment 

4) Direct indexed addressing with auto-decrement 

5) Indirect addressing 

6) indirect addressing with post-index 

7) Indirect addressing with post-index and auto-increment 

8) Indirect addressing with post-index and auto-decrement 

There is a smali difference between indexed addressing as described in Volume I, Chapter 6, and indexed ad- 
dressing as implemented by the 2650A. The 2650A memory reference instructions provide a 13-bit absolute ad- 
dress, which represents the full addressing range of any memory bank; an 8-bit index value is added to this displace- 
ment, as follows: 


12 11 10 9 8 76 543 2 1 


■Bit No. 



Address Provided By Instruction 


7 6 5 4 3 2 1 0 

□IE 


TTTT 


Effective address = 13-bit absolute address -I- 8-bit index. 
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If you are not clear on the difference between pre-indexed. indirect addressing and post-indexed, indirect addressing, 
refer again to Volume I, Chapter 6, before proceeding with this discussion of the 2650A microcomputer. 

The fact that the 2650A has a 13-bit absolute address and an 8-bit index means that post-indexed, indirect addressing 
is very viable. The 13-bit absolute address identifies the memory location, anywhere within an 8192-byte program 
page, where an indirect address will be found. The indirect address becomes the base of a 256-byte table, which may 
be indexed via anyone of the six Index registers. The Index register contents are treated as an unsigned binary number. 

Now look again at indexed addressing the way it is in most microcomputers, and the way it is described in Volume I, 
Chapter 6. A 1 6-bit Index register indexes tables that are up to 65,536 bytes in length, and that is clearly ridiculous in 
microcomputers. The usual programming procedure, when using microcomputers that have a 16-bit Index register, is 
to use only the low-order byte of the Index register for indexing. The base address is created out of the high-order byte 
of the Index register, plus the displacement; 



Index 


Index register 


Displacement 


Base Address 


If the base address is created half out of an Index register and half out of a displacement, then clearly post-indexed, in- 
direct addressing is impossible. 

Any minicomputer programmer will attest to the fact that post-indexed, indirect addressing is far more useful than pre- 
indexed, indirect addressing. 

The 2650A has a wide variety of Branch and Branch-on-Condition instructions, which have 
the following object code and format: 


2650A 

BRANCH 

INSTRUCTION 

ADDRESSING 



76543210 76543210 7654321 0 

I I I I I I I I I I I I I I I I I 1 I I I I I I I I I 


Byte No. 


Bit No. 



Absolute Branch and Jump instructions interpret 
these two bits as identifying an Index register, as 
described for bits 5 and 6, Byte 1 of Extended 
Memory Reference instruction addressing. Con- 
ditional Branch and Jump instructions interpret 
these two bits as identifying the test conditions. 
Instruction operation code 
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Most 2650A Jump and Branch instructions are conditional; that means that only direct or indirect addressing 
may be used. 

Notice that the branch direct address is 15 bits wide. Therefore, a Branch instruction may reference any byte 
within the maximum 32K-byte memory allowed by the 2650A. 

Branch instructions are, in fact, the means provided by the 2650A microcomputer to select 
a page of memory. The two high-order bits of a Branch instruction's direct address select an 8K- 
byte memory bank, which remains selected until another Branch instruction modifies the selec- 
tion. 

The 2650A has two unconditional Branch instructions. These nstructions also have a 1 5-bit direct 
address: therefore, they also select a memory page. In addition to allowing direct or indirect addressing, these two in- 
structions allow indexed addressing to be specified, as described for the extended addressing options. 

Since Branch instructions specify a 1 5-bit direct address, in the vast majority of cases simple direct addressing will be 
used. Indexed addressing will be valuable only in special logic sequences, such as branch tables. Branch instructions 
with indirect addressing will rarely have any justifiable value. 

Conditional Branch instructions use bits 0 and 1 of byte 0 to determine if a test condition has been met. The way in 
which these two bits are used is discussed below, along with the description of 2650A Status registers. 

THE 2650A STATUS FLAGS - 

The 2650A microcomputer has two 8-bit Status registers as follows: 


2650A 

MEMORY 

PAGE 

SELECTION 



Bit No. 

Upper Program Status Word (PSU) 


Bit No. 

■Lower Program Status Word (PSD 


S and F represent a Sense Input bit and a Flag Output bit, both of which are connected directly to two CPU device 
pins. These two bits allow one input and one output signal to directly interface external devices to the CPU, under pro- 
gram control. 

The Interrupt Inhibit bit is the master interrupt disable flag for the 2650A microcomputer system. 

SPO, SP1 and SP2 constitute a 3-bit Stack Pointer. Recall that the 2650A has a Stack eight addresses deep: the cur- 
rent top-of-Stack is addressed by this 3-bit Stack Pointer. 

The two Condition Codes CCO and CC1 report the condition of a data byte as zero, positive or negative. The zero 
condition represents a byte containing eight binary zeros. The positive condition represents a byte with 0 in the high- 
order bit. The negative condition represents a byte with 1 iti the high-order bit. These Condition Codes are set following 
the execution of any instruction which loads a byte of data into a register or nhodifies the register's contents. These two 
Condition bits represent a minor variation of the more common technique, in which a conditional instruction tests a 
register's contents directly, at the time the conditional instruction is executed. 

The CCO and CC1 flags should be interpreted as follows: 


CC1 

CCO 

Interpretation 

0 

0 

Zero result; 

00000000 

0 

■■ 

Positive result: 

OXXXXXXX 

n 


Negative result: 

1XXXXXXX 

n 

n 

Not significant 



For Compare instructions, CC1 and CCO should be interpreted as follows: 


CC1 

CCO 

Register-Register Compare 

Register-Memory Compare 

0 

0 

Register 0 = Register X 

Register X = Memory 

0 

1 

Register 0 > Register X 

Register X > Memory 

1 

0 

Register 0 < Register X 

Register X < Memory 
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IDC is a Standard intermediate Carry bit, reflecting the carry out of bit 3. 

O, the Overflow bit, and C, the Carry/Borrow bit, are standard Overflow and Carry statuses as described in 
Volume I, Chapter 2. 



Pin Name 

Description 

Type 

•A0-A12 

Address Bus lines 

Output 

•A13-A14 

Page Select lines 

Output 

•D0-D7 

Data Bus lines 

Bidirectional 

•SENSE 

Control input 

Input 

•FLAG 

Control output 

Output 

•ADREN 

Address Bus float 

Input 

•DBUSEN 

Data Bus float 

Input 

•RESET 

Reset 

Input 

•D/C 

Data /Control output 

Output 

•M/IO 

Memory /lO Reference 

Output 

•R/W 

Read /Write 

Output 

•OPREQ 

Operation Request 

Output 

•OPACK 

Operation Acknowledge 

Input 

•E/NE 

I/O Instruction length 

Output 

•WRP 

Write Pulse 

Output 

•INTREQ 

Interrupt Request 

Input 

•INTACK 

Interrupt Acknowledge 

Output 

•RUN/WAIT 

Run status 

Output 

•PAUSE 

Wait 

Input 

CLOCK 

Timing 

Input 

Vcc> gnd 

Power and Ground 



•These signals become the System Bus. 


Figure 1 ‘1-2. 2650A CPU Signals and Pin Assignments 


RS, the Register Bank Select bit, specifies the current bank of Accumulator/Index registers: either R1A, R2A 
and R3A or RIB, R2B and R3B. 

Recall that addition, subtraction, shift and rotate instructions optionally may or may not include the Carry status; in 
other words, a microcomputer may have an Add-with-Carry or an Add-without-Carry instruction; it may have a Rotate- 
simple or a Rotate-through-Carry instruction. The WC bit specifies whether the Carry will or will not be included in 
2650A instructions of this type. If the C status is inciuded in a rotate, the IDC status will also be included, operat- 
ing as a branch carry out of bit 3. This is a unique 2650A feature. 


11-9 



The Compare status determines whether Compare instructions will treat data as signed or unsigned binary num- 
bers. Consider an instruction which compares the contents of Register RO with the contents of a memory byte. Clearly 
the result of the comparison will differ significantly, depending on whether the high-order bit of each byte is being in- 
terpreted as a sign bit, or whether positive numbers only are being compared. If the COM status flag is set to 1, the two 
bytes are assumed to be positive numbers. If the COM status is set to 0, the two bytes are assumed to contain signed 
binary numbers. 

The WC and COM statuses of the 2650A microcomputer are very powerful features; thejr significance is that 
they double the available number of Arithmetic and Compare instructions, respectively, without increasing the 
number of instruction object codes. 

THE 2650A CPU PINS AND SIGNALS 

The 2650A CPU pjns and signals are illustrated in Figure 11-2. A description of these signals will highlight the 
underlying philosophy of the 2650A chip design: that this device can be used with standard off-the-shelf TTL 
logic, rather than requiring a family of support devices. There are applications where the Signetics philosophy is 
viable and will work; there are other applications vyhere the specialized devices provided by Signetics and 
other microcomputer manufacturers cannot be reproduced at equivalently low cost. 

The Address Bus is 13 lines wide; it is used to address a single byte within 8192 bytes of memory. The low-order 
eight address lines may also be used to address an external device. 


A1 3 and A14 are page select lines. As described in the discussion of addressing modes, only Branch instructions pro- 
vide 15-bit memory addresses. When a Branch instruction is executed, the tyvo high-order bits of the address, output 
on pins 1 8 and 1 9, are used by external memory to select or pleselect 8K memory pages. Subsequent memory reference 
instructions that provide only a 1 3-bit memory address will reference the most recently selected 8K memory bank. This 
may be illustrated as follows: 



General 

Address 

Bus 


These selects must be latched 
since the A13 and A 14 pins are 
shared with control signals 


Control lines of the 2650A microcomputer may be grouped into categories as foilows: 

1) CPU execution control 

2) Data and Address Bus access control 

3) Data and Address Bus contents identification 

4) Interrupt processing 

5) Direct, external device interface 
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CPU execution control signals, being of primary importance, will be discussed first. 

CLOCK is the master timing signal required by the 2650A CPU. Depending upon the way in 

which external logic is irnplemented, CLOCK may or may not be needed by other devices that sur- 
round the 2650A: in most cases CLOCK will not be needed by other devices, dihce system control 
will normally be handled by 2650A control itiputs and outputs. 


2650A CPU 
EXECUTION 
CONTROL 
SIGNALS 


RESET is the master reset Input which every microcomputer has. As is standard for most microcomputers, when 
the CPU is reset, the Program Counter is cleared, with the result that the instruction stored in memory location 0 is ex- 
ecuted. The CPU will typically be reset when first powered up. 


PAUSE causes the CPU to enter a Wait litate. PAUSE is an input signal which may be used by external direct memo- 
ry access logic to stop the CPU while memory is being accessed. The Halt instruction als o causes the CPU to enter the 
Wait state. A Wait state will be .terminated by a Reset or by external logic removing its PAUSE input. 

There are two bus access control signals on the 2650A: DBUSEN and ADREN. These two 
signals float the Data and Address Busses, respectively. On the Address Bus, only the 13 Ad- 
dress Bus lines AO - A1 2 are floated: the two page select lines A13 and A14 are not floated. 


The most interesting feature of 2650A control signals is the scheme employed for iden- 
tifying events on the Data and Address Busies. 

The inception of any operation which will involve external devices is identified by 
OPREQ going high. 


2650A BUS 
ACCESS 
CONTROL 

signals 

2650A BUS 
CONTENTS 
IDENTIFICATION 
SIGNALS 


Normally, the first step in any operationjhat involves external logic is for an address to be output on the Address Bus. If 
memory is being accessed, then M/IO is output high. R/W is output high to identify a write operation or low to 
identi fy a read o^ieration. As soon as memory has responded to the memory read or write operation, it inputs OPACK 
low. If OPACK low does not arrive in time for the dhU to continue proces sing th e currfent instruction at the next clock 
cycle, th en the C PU temporarily enters the Wait state and outputs RUN/WAIT low to indicate this condition. Now as 
soon as OPACK is input low, the Wait state will end and the CPU will continue execution. 


The CPU will also output a write strobe, WRP, when writing to memory. This strobe is output when data is 
steady on the Data Bus. 

When an I/O device is being accessed by one of the I/O instructions, M/IO is output low. You will see in Table 
11-1 that the 2650A instruction set includes two sets of I/O instructions: one set does not identify an I/O port, and has 
a one-byte object code: the other set identifies an I/O port via a second byte of object code. Let us assume that the 
short I/O instructions will always reference I/O Port 0, while the long I/O instructions will specify one of 256 I/O ports. 
The E/NE signal, if low, identifies a short I/O instruction, therefore an instruction which accesses I/O Port 0: if high, this 
signal indicates that the current contents of the low-otder eight address lines contain an I/O port address, and should 
be so decoded. In fact, the I/O port which is selected;Dy a short I/O instruction can be defined by you. You can look 
upon E/NE as a signal which, when low. is a unique select line. When high, E/NE identifies the low-order eight Address 
Bus lines as providing the I/O port address. Thus, you can generate I/O port select logic as follows: 



Once an I/O port has been selected, and external logic knows from the M/IO and E/NE controls which I/O port is 
selected, I/O logic needs to know whether an input or output I/O operation is to occur, and whether data or con- 
trol/status informationjs to be transmitted. (Volume I, Chapter 5 discusses at length the difference between data, con- 
trols and status.) The R/W control indicates whether data is being transmitt^ from the CPU to external devices, or 
whether external devices are supposed_to transmit data to the CPU: then D/C identifies the output as eitji^er data or 
control information. Conversely, when R/W identifies the CPU as requiring input from an I/O device, D/C indicates 
whether the input should be data or status. 
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When external device logic responds to the I/O request, it concludes by inputting OPACK low. Figure 1 1-3 illustr- 
ates how control signals may be used to interpret events on the Address and Data Busses. 

2650A interrupt handling is very straightforward. An interrupt is requested by setting 
INTREQ low. The interrupt is acknowledged by the CPU outputting INTACK high. 

The SENSE and FLAG signals allow the 2650A to directly control external devices. The con- 
dition of a SENSE input is immediately translated into a 0 or 1 within the Sense bit of the 2650A 
Status register. A 0 or 1 in the Flag bit of the 2650A Status register is immediately reflected by a 
low or high signal output at the Flag pin. 

INTERFACING MEMORY TO THE 2650A MICROCOMPUTER 


Given the wealth of control signals provided by the 2650A microcorhputer, most types of memory can be inter- 
faced with very little difficulty. The only peculiarity of the 2650A which external logic must be able to cope with is 
the fact that memory is paged into 8192-byte pages. Any memory device whose addressing range is smaller than a 
page must have select logic which takes into account not only high-order address lines on the 1 3-line Address Bus but, 
in addition, the two page select lines. The two page select lines change status occasionally when a new page is being 
selected; therefore, page select must be stored in an external buffer. 

The 2650A CPU also expects to receive an OPACK a cknowle dgement from memory. If memory can respond to an ac- 
cess within the allowed time, then you can sim ply tie OPACK to ground for all memory accesses. I/O accesses must still 
be able to respond with a high or low OPACK, depending upon prevailing conditions. Here is appropriate logic; 


2650A 

INTERRUPT 

CONTROL 

SIGNALS 


2650A 

EXTERNAL 

DEVICE 

CONTROL 

SIGNALS 


I/O OPACK 
(normally low) 


Memory 

OPACK 

I/O OPACK is normally low. I/O logic drives OPACK high at the beginning of an I/O access if the I/O device requires ex- 
tra time to respond to OPREO. 

The OPACK input during memory access operations is equivalent to the 8080A READY input. You s hould re fer to the 
extensive discussion of the 8080A READY input given in Chapter 4 in order to find ways of using OPACK logic in a 
2650A microcomputer system. 

INTERFACING I/O DEVICES TO THE 2650A MICROCOMPUTER 

The simplest way of interfacing external devices to the 2650A microcomputer is to use the microcomputer's 
I/O instructions, plus the control signals which identify I/O operations. 

A very small microcomputer system may only have one I/O port, in this case the I/O port can connect directly to the 
Data Bus and can always consider itself selected. A larger system may have up to 257 8-bit ports, with select lines that 
simply connect to the Data Bus and use E/NE as a select enable signal. 

THE 2650A MICROCOMPUTER INTERRUPT PROCESS 

The 2650A has a single interrupt request line and a single interrupt acknowiedge line. Interrupt priorities wiil 
therefore be handled via a daisy chain. 

When the CPU acknowledges an interrupt, first it disables all further interrupts. Next, it pushes the contents of 
the Program Counter onto the address Stack and zeros the Program Counter. 

The CPU wiii now insert the first byte of a ZBSR instruction bode into the Instruction register: this instruction 
code is a Branch-to-Subroutine using program relative addressing. The interrupting device must submit a byte 
of data on the Data Bus, which will be interpreted as the second byte of the ZBSR instruction. 
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Figure 11-3. How Control Signals Identify Address and Data Bus 
Use for the 2650A Microcomputer 


Look again at the discussion of 2650A addressing modes and you will see that with the Program Counter set to 0, the 
byte of data input by the interrupting device becomes a displacement vector. 
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Assume that each. external device has the beginning address of its interrupt service routine stored somewhere within 
the first 64 bytes of the zero memory page. The interrupting device must input the following byte of data: 


7 6 5 4 3 2 10 Bit No. 

I’lol I I I I I I 

Six- bit device select code: must be twice the device number, 
since two bytes will be needed for each device address. 

Must be 0 since only positive displacements from memory loca- 
tion 0 are being used. (Negative values, with addressing the top 
64 bytes of memory also feasible.) 

Indirect addressing must be specified 



This byte of data causes an indirect program relative jump to the interrupting device's interrupt service routine, as 
follows; 


7 6 5 4 3 2 1 0 


(l|0|0|l| i|o|i|o| 


•Bit No. 


Displacement of 
1A^0 is specified 


V 

Indirect, addressing 
specified 



Program execution continues 
with instruction stored in 
memory location OA4A.|0 


Memory PROGRAM 
Address MEMORY 



0000 

0001 

0002 


001A 

0018 

001C 

001D 

001E 

OOIF 



2650A MICROCOMPUTER DIRECT MEMORY ACCESS 

Direct memory access in a 2650A system is left up to external logic. Two schemes are possible. 

External logic may stop the CPU. using the PAUSE input; while the CPU is disabled, external logic may take 
control of Data and Address Busses to access memory in any way. 

Alternatively, DMA logic may be implemented to operate in parallel with the CPU. The 2650A has periods when 
both the Data Bus and the Address Bus are fl oated. H andling DMA in parallel with normal instruction execution is 
made possible if you combine the OPREQ and OPACK handshake signals with normal timing sequences. 

The only economical way of handling direct memory access in a 2650A microcomputer system is to use one of 
the direct memory access control devices described in Volume 3. Timing requirements are given with the discus- 
sions of these devices. The flexibility of the 2650A System Bus is such that you will have very little difficulty generating 
an interface with any of these direct memory access control parts. 

THE 2650A MICROCOMPUTER INSTRUCTION SET 

The 2650A microcomputer instruction set is the most minicomputer-like of the microcomputers discussed in 
this book, it is particulariy rich in addressing modes and memory reference instructions. The instruction set is 
listed in Table 1 1-1. 

Memory reference instructions are shown as offering program relative addressing options or extended addressing op- 
tions. See the discussion of 2650A addressing options for a definition of these terms. 

Note that in the statuses column, CC identifies the CCO and CC1 statuses. These two statuses are used to test for a 
zero, positive or negative branch condition; these two statuses are described along with the 2650A Status registers. 
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The TMI Immediate Operate instruction compares a register's contents with a mask provided by the instruction 
operand. This instruction allows any bit combination to be tested for, in any CPU register. 

The Decimal Adjust (DAR) instruction of the 2650A differs from the instructions with the same name as implemented 
on a number of other microcomputers. The Decimal Adjust instruction can be used to perform binary decimal 
arithmetic. Referring to. the discussion of binary decimal arithmetic given in Volume I, the 2650A DAR instruction per- 
forms Step 3 of the binary-coded-decimal addition operation described in Chapter 3. 


THE 2650A BENCHMARK PROGRAM 


This is how the 2650A may implement our benchmark program: 


LOOP 


LODA.RI TLENGTH 
LODA,R2 lOBFL 
LODA.RO •IOBUF.R2 
STRA.RO *TABLE,R1,-f 
BDRR,R2 LOOP 
STRA.RI TLENGTH 


LOAD DISPLACEMENT TO FIRST FREE TABLE BYTE 

LOAD I/O BUFFER FILLED LENGTH 

LOAD NEXT I/O BUFFER BYTE 

STORE IN TABLE, AUTO-INCREMENT R1 

DECREMENT R2, RETURN TO LOOP ON NON-ZERO 

AT END, RESTORE NEW TABLE LENGTH 


The benchmark program, as illustrated for the 2650A, assumes that both the data table and the I/O buffer have max- 
imum lengths of 256 bytes. 

The displacement to the first free byte of the data table is stored in a memory location identified by the label TLENGTH. 

The number of filled I/O buffer bytes is stored in a memory location identified by the label lOBFL. It is assumed that the 
I/O buffer can be read backwards; in other words, the last I/O buffer byte becomes the first byte stored in the perma- 
nent data table. 


The instruction with label LOOP begins by loading the last byte in the I/O buffer, using indirect, indexed addressing 
without auto-increment or auto-decrement. Subsequently, Index Register R2 is decremented: if it does not decrement 
to 0, execution returns to the instruction labeled LOOP, 


The instruction which stores data in TABLE uses indirect, post-indexed addressing, with the contents of Index Register 
R1 auto-incremented. Thus, at the conclusion of data movement. Index Register R1 contains the displacement to the 
next free byte of TABLE. 

Comparing the 2650A benchmark program with other benchmark programs shown in this book might suggest that the 
2650A has the shortest, and therefore the fastest and most efficient benchmark program. This is not necessarily the 
case. Certainly the 2650A instruction set provides a source program which is likely to be shorter than any other 
microcomputer's source program, but that is because instructions are very minicomputer-like. The number of bytes re- 
quired to implement the 2650A object program, and the time taken to execute the program, may bear no relationship 
to the length of the source program. For example, the program loop, although it contains only three instructions (LODA, 
STRA and BDRR), will require eight bytes of object program. 

Once again, we caution against drawing fast conclusions from benchmark programs. 

The following symbols are used in Table 11-1: 

,*ADDR(X) 16-bit extended addressing mode: 



* (X) . ADDR 

* 1 for indirection 

(X) 00 for non-indexed 

01 for indexed with auto-increment 

10 for indexed with auto-decrement 

1 1 for indexed only 
ADDR 13-bit absolute address 


*BADD 


16-bit absolute addressing mode: 



BADD 


* 1 for indirection 

BADD 15-bit absolute address 


C Carry status 
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CC The two Condition Code bits CC1 and CCO 

CC1 m CCO 


CIDC 

The Carry and Inter-Digit Carry 


C rn IDC 

dataNE 

The non-extended data port 

DATA2 

2-bit data unit 

DATA8 

8-bit data unit 

•DISP 

8-bit relative addressing mode; 



* DISP 

* 1 for indirection 

DISP 7-bit signed displacement 

EAA Effective address generated by *BADD 

EAD Effective address generated by *ADDR(X) 

EAR PC relative address generated by *DISP 

IDC Inter-Digit Carry status 

0 Overflow status 

P An 8-bit port number 

PC Program Counter 

PSU Upper byte of Program Status Word 

PSL Lower byte of Program Status Word 

r One of the seven CPU registers 

RAS(SP) The Return Address Stack location indicated by the Stack Pointer 

RO Accumulator 

SP Stack Pointer 

status NE The Non-Extended status port 

ZEA A zero page relative address generated by DISP 

x<y,z> Bits y through z of the quantity x; for example, R0<3,0> represents the lower 4 bits of the Accumulator. 

[ ] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, 

then the designated register's contents are specified. If an I/O port number is enclosed within the 
brackets, then the I/O contents are specified. If a memory address is enclosed within the brackets, then 
the contents of the addressed memory location are specified. 

[[ ]] Implied memory addressing; the contents of the memory location designated by the. contents of a 

register. 

A Logical AND 

V Logical OR 

-V- Logical Exclusive-OR 

♦— Data is transferred in the direction of the arrow 

- — ► Data is exchanged between the two locations designated on either side of the arrow. 

Under the heading of STATUSES in Table 1 1-1, an X indicates statuses which are modified in the course of the instruc- 
tion's execution. If there is no X, it means that the status maintains the value it had before the instruction was ex- 
ecuted. 
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Table 11-1. Summary of Signetics 2650A Instruction Set 







STATUSES 




OPERAND (si 

BYTES 



OPERATION PERFORMED 



C 

0 









REDD 



■ 

■ 

■ 

D 

■ 

■ 

(rl— IdataNEl 








H 



Read data at non-extetidad port into specifiad regiatar. 


REDC 





1 


1 

1 

frl— [statusNEl 








H 



Raad non-axtandad status into specifiad regisier. 


REDE 





1 

D 

1 

1 

trl-lP] 

- 

WRTD 


■ 

■ 

■ 

■ 

1 

■ 

■ 

Read into specified register from Port P. 

[dataNE]— [r] 








■ 



Write speciFied register contents to non-extended data port. 


WRTC 






■ 



[statusNE]*— [r] 








■ 



Write specified register contents to non-extended status port 


WRTE 






■ 



lPl-[r] 




■I 

■ 

■ 

■ 

■ 

■ 

■ 

Write specified register contents to Port P. 

>- 


,r ‘DISP 

B 

■ 

■ 

■ 

H 

■ 

■ 

(rl— [EAR] 

I “ 

U 7 


,r ‘ADDRIX) 

■ 

■ 

■ 

■ 

9 

■ 

■ 

Load sp^fied register from reiathra location. 

[r]-lEAD] 

S u 










Load specified register from extended location. 

> s 

fiC iL 


.r ‘DISP 



H 

1 

■ 

1 

1 

[EAR]— [r] 

< ^ 







■ 



Store specified register contents in relative location. 

K 


,r ‘ADDRIX) 




1 


1 

1 

[EAD]-Ir] 


■■ 


■1 

■ 

■ 

■ 

■ 

■ 

■ 

Store specified register contents in extended location. 


ADDR 

,r ‘DISP 








(r]-[r]+ [EAR] 







m 

HH 



Add Contents of relative location to specified register. 


ADDA 

,r ‘ADDRIX) 

3 




^9 



[r]'-tr]+ [EAD] 







HH 




Add contents of extended location to specified register. 

Uj ' 

u : 

SUBR 

,r ‘DISP 

2 




^9 



[r]^[r]- [EAR] 




m 

m 

m 

HH 



Subtract contents of ralative location from specified register. 

> 5 < i 

SUBA 

,r ‘ADDROC) 

3 


^9 

^9 

^9 



[r]-[r]- [EADl 

< S li 

° Hi o 

S fiC ^ 

ANDR 

.r ‘DISP 

2 

H 

H 

1 

H 

1 

1 

Subtract contents of extended location from specified register. 

[r]— [r] A [EAR] 

“ 5 










AND contents of relative location with those of specified register. 

lU cc o 
to o 5 

ANDA 

,r •ADDR(X) 

3 




^9 



[rl— [r] A [EAD] 

S liJ 










AND contents of extended location with those of specified register. 

S s 

lORR 

,r ‘DISP 

2 




^9 



[r]— [r]V [EAR] 











OR contents of relative location with those of specified register. 


lORA 

,r 'ADDRIX) 

3 




^9 



i[r]-[r]V [EADl 











OR contents of extended location with those of specified register. 


EORR 

.r ‘DISP 

2 







[r]— [r]¥^[EARl 








H9 



ExclusKre-OR contents of relative location with those of specified register. 


EORA 

,r ‘ADDRIX) 

3 


'^H 


^9 



[r]~[r]V[^D) 





1 

■ 

■ 

1 

1 

■ 

Exclusive-OR contents of extended location with those of specified register. 


















SECONDARY MEMORY 

JUMP IMMEDIATE OPERATE IMMEDIATE REFERENCE (MEMORY 

OPERATE) (CONTINUED) 


Table 11-1. Summary of Signetics 2650A Instruction Set (Continued) 


STATUSES 


TYPE 


MNEMONIC 

COMR 

COMA 

LODI 

AqDl 

SUBI 

'andi 

lORI 

EORI 

COMI 

TMI 


OPERANDIS) 

,r 'DISP 

,r.»ADDR(X) 

,r DATA8 

,r DATA8 
,r DATA8 
,r DATA8 
,r DATA8 
,r DATA8 
,r DATA8 

,r'DATA8 



X 


OPERATION PERFORMED 


If tr] > lEAR]; then CC =01 
If (rl = {EAR]; then CC =00 
If tr] < [EAR]; then CC = 10 

Compare contents of relative location with those of specified register; set the CC accordingly. 
If [r] > lEAD]; then CC = 01 
If [r] = [EADl; then CC = 00 
If [rl < [EAD]; then CC = 10 

Compare contents of extended location with those of specified register; set the CC accordingly. 


Irl— DATA8 

Load immediate into specified register. 

[rl— tr] + DATA8 

Add immediate to specified register contents. 

(rl— Ir]-DATA8 

Subtract immediate from specified registers contents. 

[rl— tr] ADATA8 

AND immediate with specified register contents, 
tr]— [r]VDATA8 

OR immediate virith specified register contents, 
tr]— tr]] VDATA8 

Exclusive-OR immediate with specified register contents. 

If tr] > DATA8; [CC]— 01 
If tr] = DATA8; [CC] — 00 
If tr] < DATA8; [CCl- 10 

Compare immediate with specified register; set the CC accordingly. 

If all selected bits are set, CC = 00: otherwise CC = 10 
Test bits in specified register corresponding to Is in immediate data. If all tested bits are Is set 
CC accordingly. 


ZBRR 

•DISP 

BXA 

•BADD 

ZBSR 

•DISP 

BSXA 

•BADD 



[PC]— ZEA 

Branch to zero page address. 
[PC] — EAA 

Branch to extended address. 
tSP]- [SP]+ 1 
[RAS(SP)]— [PCl + 2 
[PC]— ZEA 

Call zero page subroutine. 
[SP]— (SP]+ 1 
[RAS(SP)]— [PC] + 3 
[PC]— EAA 

Call extended subroutine. 
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MNEMONIC 

OPERAND(S) 

BCTR' 

,DATA2 ‘DISP 

BCTA 

.DATA2 ‘DISP 

BCFR 

,DATA2 ‘DISP 

BCFA 

,DATA2 ‘BADD 

BIRR 

,r ‘DISP 

BIRA 

,r ‘BADD 

BDRR 

.r •Dia> 

BORA 

,r •BADD 

BRNR 

,r ’DISP 

BRNA 

.r •BADD 

BSTR 

,DATA2.*DISP 

BSTA 

,DATA2 ‘BADD 

BSFR 

,DATA2 ‘DISP 

BSFA 

.DATA2 ‘BADD 


Table 11-1. Summary of Signetics 2650A Instruction Set (Continued) 


STATUSES 


OPERATION PERFORMED 


If DATA2 =CC. then [PC]— EAR 
Branch relative if DATA2 equals CC. 

If DATA2 = CC. then [ PC] — EAA 
Branch absolute if DATA2 equals CC. 

If DATA2 * CC, then [PC]— EAR 

Branch relative if DATA2 is not equal to CC. 

If DATA2 / CC, then [PC]— EAA 
Branch absolute if DATA2 is not equal to CC. 

[r]-[r]+1 

If [r] ?^0, [PC]— EAR 

Increment specified register. If nonzero result, branch relative. 
[r]-[r]+1 

If [r] !«0, then [PC]— EAA 

Increment specified register. If nonzero result, branch absolute. 
[r]-[r]-1 

If [r] then [PC] — EAR 

Decrement specified register. If nonzero result, branch relative. 
[r]-[r]-1 

If [r] ?«0: then [PC] — EAA 

Decrement specified register. If nonzero result, branch absolute. 
If [r] 7^0; then [PC] — EAR 
If specified registerus nonzero, branch relative. 

If [r] *Qr, then [PC] — EAA 
If specified register is nonzero, branch absolute. 


If DATA2 = CC; then [SP] — [SP]+1 

[RAS(SP)J— [PC] + 2 
[PC] — EAR 

If DATA2 equals CC, then call subroutine at relative address. 

If DATA2 = CC; then [SP] — [SP] + 1 

[RAS(SP)]— [PCl + 3 
[PC]— EAA 

If DATA2 equals CC, then call subroutine at absolute address. 

If DATA2 5^ CC: then [SP]— [SP] + 1 

[RAiaSP)]— [PC] + 2 
[PC]— EAR 

If DATA2 not equal to CC, then call subroutine at relative address. 

If DATA2 4 CC; then [SP]— [SP] + 1 

[RAS(SP)]— [PC] + 3 
[PC]— EAA 

If DATA2 not equal to CC, call subroutine at absolute address. 

















CONDITIONAL SUBROUTINE 


Table 11-1. Summary of Signetics 2650A Instruction Set (Continued) 


I 

N3 

O 


STATUSES 


TYPE MNEMONIC OPERAND(S) BYTES 


OPERATION PERFORMED 



Iftrl /^0;then ISP] — [SP] + 1 

IRASISP)]— lPCl + 2 
[PC] — EAR 

If specified register is nonzero, call subroutine at relative address. 

If Ir] *0; then [SP] — ISP]+ 1 

IRASISP)]— [PC] + 3 
[PC] — EAA 

If specified register is nonzero, call subroutine at absolute address. 
If DATA2 = CC, then [PC]— [RASfSP)] 

[SP]— [SP] - 1 

If DATA2 equals CC, then return from subroutine. 


CC QC 

iU UJ lU 

LODZ 

►“ h* > 

CO w 5 


5 5 S 

lU IU 
flC CC 

STRZ 


[R0]-[r] 

Load Accumulator (Register 0) with specified register contents. 
[r]-[R0] 

Store contents of Accumulator (Register 0) into specified register. 


IU 

H 

ADDZ 

< 


oe 


IU 

Q. 

SUBZ 

o 


CC ' 


lU 

ANDZ 

CO 


5 

lU 

lORZ 

CC 


oc 


IU 

K 

EORZ 

CO 


5 


IU 

CC 

COMZ 



[R0]-[R0]+ [r] 

Add specified register to Register 0. 
IR0]-[R0]- [r] 

Subtract specified register from Register 0. 


1 


[RO]— [RO] A [r] 


AND specified register with Register 0. 


1 


[RO]— [R0]V [r] 



OR specified register with Register 0. 

[RO]— [R0]V-[r] 

Exclusive-OR specified register with Register 0. 

If [RO] > [r]; then CC =01 
If [RO] = [r]; thenCC =00 
If [RO] < [r]; thenCC = 10 

(^mpare specified register with Register 0; set the CC' accordingly. 
























STATUS IINTERRUPT REGISTER OPERATE (CONTINUED) 




If WC is 0. rotate the specific register right. If WC is 1, rotate through Carry and Intermediate 
Carry. 


If DATA2 =CC: then (PCI— [RAS(SP)1 
[SP]*-[SP]-1 
Enable interrupts 

If D AT A2 equals CC, then return from subroutine and enable interrupts. 


(ROl— IPSL] 

Load PSL into Register 0:: . 

If CDATA8<i>]=1:then.[PSU<i>]— 1 

Set bits in PSU which correspond to Is in immediate: data. 

If lDATA8<i>]=1: thea [PSL<i>l— 1 
Set bits in PSL which correspond to Is in immediate data. 

If lDATA8<i>]=1 then [PSU<i>)—0 
Clear bits of PSU which correspond .to Is.in immediate data. 

If lDATA8<i>]=1 then lPSL<i>] — 0 
Clear bits of PSL which correspond to 1s in immediate data. 

If DATA8 = [ PSUj,then CC = 00; else CC - 10 
Compare immediate.-with PSU; set CC accordingly. 

If DATA8 = I PSLJ, then-CC = 00; else CC = 10 

Compare immediaw with reL; set_CC accordingly. ^ 


No Operation. 

Processor enters Wait, state. 























Table 1 1-2. Signetics 2650A Instruction Object Codes 


MACHINE 

CYCLES 


ADDA,r ‘ADDRtX) 

lOOOIIaa 

bccqqqqq 


QQ 

ADDI,r DATA8 

lOOOOIaa 

fP 

AODR.r ‘DISP 

lOoblOaa 

ADDZ.r 

lOOOOOaa 

ANDA,r ‘ADDRIX) 

01001 laa 


bccqqqqq 


QQ 

ANbl,r DATA8 

oiopOlaa 


■ PP , 

ANDR,r ’DlSP 

OlOOIOaa 


beoooooo 

ANDZ,r 

OlbooOaa 

fiCFA.DATA2 •BADD 

100111R 


bqqqqqqq 


QQ 

BCFR.bATA2 ‘DISP 

lOOIIOff 


booooaoo 

BCTA,DATA2 ‘BAOb 

OOOIIIff 

bqqqqqqq 

QQ . 

BCTR.DATA2.*DISP 

OOOIIOff 


beeeeeM 

BORA/ 'BAbb 

nilllaa 

ijqqqqqqq 


PQ 

BDRR/ *blSP 

IllllOaa 


bocaooeo 

BIRA/ ‘BADD 

nOlllaa 

bqqqqqqq 


QQ 

BIRR/ ‘OISP 

llOIIOaa 


■ baeeaiaee 

BRNA/ ’BAbO 

01011 laa 
bqqqqqqq 

QQ 

BRNR.r ‘DISP 

0101 lOaa 


beeooooe 

BSFA.DATA2 'BAOD 

lOUllff 


bqqqqqqq 


QQ 

BSFR,DATA2 ‘DISP 

loinoff 


booocooe 

BSNA,r *^00 

011 11 laa 
bqqqqqqq 

QQ 

BSNR.r ‘DiSP 

OllllOaa 

BSTA,DATA2 ’BADD 

OOiniff 

bqqqqqqq 

QQ 

BSTR,DATA2 'DISP 

ooinoff 

BSXA ‘BADD 

BF 

bqqqqqqq 

QQ 

BXA ‘BADD 

9F 


bqqqqqqq 

QQ 









INSTRUCTION 

OBJECT CODE 

COMA/ 

•ADDR(X) 

lilOllaa 

bccqqqqq 



QQ 

COMI/ 

DATA8 

illOOIaa 



PP 

COMR/ 

•DISP 

niOIOaa 

beeeeaae 

COMZ/ 


1 1 tOOOaa 

CPSL 

DATA8 

75 



PP 

CPSU 

DATA8 

74 



PP 

DAR/ 


lOOIOIaa 

EORA.r 

•ADDR(X) 

00101 laa 

bccqqqqq 



QQ 

EORI/ 

DATA8 

OOlOOIaa 



PP 

EORR.r 

•DISP 

OOlOIOaa 



beeeeeee 

EORZ/ 


OOlOOOaa 

HALT 


40 

lORA/ 

•ADDHIX) 

OllOllaa 

bccqqqqq- 



QQ 

lORI/ 

DATA8 

OllOOIaa 



PP 

lORR/ 

•DISP* 

OllOIOaa 



beeeeeea 

lORZ/ 


OllOOOaa 

LODA/ 

•ADDR(X) 

00001 laa 
bccqqqqq 



QQ 

LODI/ 

DATA8 

OOOOOIaa 



PP 

LODR/ 

•DISP 

OOOOIOaa 

LODZ.r 


OOOOOOaa 

LPSL 


93 

LPSU 


92 

NOP 


CO 

PPSL 

DATA8 

77 



PP 

PPSU 

DATA8 

76 



PP 

REDC/ 


OOllOOaa 

REDD/ 


OinOOaa 

REDE/ 

P 

OlOIOIaa 


RETC,DATA2 

RETE.DATA2 

RRUr, 

RRR.r 

srei 

SPSU 

STRA,r ’ADDRIX) 


STRR.r ‘DISP 


PP 

OOOIOIff 

001101ff 

nOIOOaa 

OlOIOOaa 

13 

12 

llOOIIaa 

bccqqqqq 

QQ 

llOOIOaa 


MACHINE 

CYCLES 
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Table 1 1-2. Signetics 2650A Instruction Object Codes (Continued) 


INSTRUCTION 

OBJECT CODE 

BYTES 

MACHINE 

CYCLES 


INSTRUCTION 

OBJECT CODE 

BYTES 

MACHINE 

CYCLES 

SUBA,r 

•ADDR(X) 

10101 laa 




TPSU 

DATA8 

B4 

2 

3 



bccqqqqq 






PP 





QQ 




WRTC.r 


lOIIOOaa 

1 

2 

SUBI,r 

DATA8 

lOIOOIaa 




WRTD,r 


IlllOOaa 

1 

2 



PP 




WRTE,r 

P 

llOIOIaa 

2 

3 

SUBR,r 

•DISP 

lOIOIOaa 






PP 





baoooooa 




ZBRR 

•DlSP 

9B 

2 

3 

SUBZ,r 


lOIOOOaa 






beeeeeee 



TMI,f 

DATA8 

linOlaa 




ZBSR 

•DISP 

BB 

2 

3 



PP 






beeeeooo 



TPSL 

0ATA8 

B5 


3 









PP 










The following symbols are used in Table 11-2: 

aa Two bits which, in conjunction with the Register Bank Select bit in the PSL. choose the register 

b One bit selecting the indirection option 


cc Two bits choosing the indexing mode: 



00 No indexing 

01 Indexing with auto-increment 

10 Indexing with auto-decrement 

11 Indexing only 

eeeeeee 

7-bit signed address displacement 

ff 

2-bit test value 

PP 

eight bits of immediate data 




q One bit of absolute or extended address 

0 One byte (eight bits) of absolute or extended address 

SUPPORT DEVICES THAT MAY BE USED WITH THE 265bA MICROPROCESSOR 

Interfacing the 2650A with 8080A support devices is very straightforward. Figure 11-4 shows how 8080A con- 
trol signals may be generated from 2650A control signals. Figure 11-5 provides the same information for the 
MC6800. 

But there are some ambiguities not immediateiy apparent when you look at Figure 11-4. To begin with, the 
2650A uses a request/acknowledge handshaking control protocol which is alien to an 8080A-based . system. Thus 
OPACK, which is shown creating RDYIN in Figure 1 1-4, may Well be grounded in a configuration that is not going to in^ 
sert Wait states into 2650A jnstruction execution cycles. OPREQ will be used as a contributor to the chip select logic of 
8080A support devices. M/IO, which is shown discriminating between memory and I/O control signals in Figure 1 1-4, 
may alternatively be used as a contributor to chip select logic. Figures 1 1-6 through 11-9 illustrate 8251 and 8255 
devices connected to a 2650A CPU, bmng selected within memory or I/O spaces. Note that where devices are 
selected within the 2650A I/O space, C/D could be generated from the 2650A C/D control output rather than using 
address line ADRO. 

Figure 11-10 shows how 2650A priority interrupts may be generated using an 8214 Priority interrupt Control 
Unit. 

Interfacing MC6800 support devices to a 2650A CPU is again complicated by the synchronizing signal required 
by MC6800 support devices. But the 2650A is flexible enough to make this interface possible. 

, We must use OPREQ in order to generate the synchronizing enable signal for MC6800 support devices. Unfortunately, 
there is a significant variation in the leading edge of OPREQ. Therefore, logic to create ah ENABLE synchronizing sig- 
nal must have the following three parts: 

1) Create a continuous clock signal to substitute for the MC6800 ENABLE synchronizing signal. 

2) Make sure that during a write cycle MC6800 device select logic is true across one pulse of the ENABLE signal. Chip 
select logic must be true from shortly before the beginning ofthe ENABLE signal positive transition until shortly 
after the end of the negative transition. 


11-23 

















3) During a read cycle, again make sure that chip select logic for the MC6800 support device is valid for one ENABLE 
cycle only; but this time stretch the ENABLE true pulse so that the 2650A CPU can latch the data on the negative 
transition of OPREQ before ENABLE goes low. 

Timing for the above three conditions is illustrated in Figure 11-11. But note that since the minimum cycle time for 
MC6800 support devices is 1 microsecond, the 265pA CPU must also operate at this frequency — rather than using a 
0.8 microsecond clock, which is the fastest allowed. 

Figure 11-12 illustrates a 2650A-6850 ACIA interface. Figure 11-13 illustrates a 2650A-6820 PIA interface. 

Important aspects of 2650A interface timing are defined in Figure 1 1-14. 



Figure 11-4. 2650A-8080A Signal Equivalents 


PAUSE 


— HALT 

ADREN 

— {>> 

►TSC 

DBUSEN 

-l>o 

► DBE 

OPREQ ^ 


ifc- VMA 

R/W^ 



^ ► R/W 

RESET 


RESET 

2650A 


MC6800 

Signals 


Signals 


Figure 1 1-5. 2650A-MC6800 Signal Equivalents 
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ADRO 



CLOCK 


Figure 1 1-6. An 8251 USART Accessed by a 2650A as an I/O Device 



CLOCK 


Figure 1 1-7. An 8251 USART Accessed by a 2650A as a Memory Device 
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Figure 1 1-9. An 8255 PPI Accessed by a 2650A as a Memory Device 
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Figure 1 1-10. Vectored Interrupt Using the 8214 PICU with a 2650A CPU 
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SYSTEM DATA BUS 




4), 2650A CLOCK IS DRIVEN FROM <I>1 



Figure 11-11. Synchronization Circuits in a 2650A-MC68XX Interface 
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Figure 11-13. An MC6820 PIA Connected to a 2650A 
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j^u\j\j\i\rj^if\rLrLn 


I 


PROCESSOR WRITE 



PROCESSOR READ 



1) rViCGSXX latches data internally on negative transition. 

2) Processor latches data on the negative transition of OPREQ; thereafter LOR and EN go to zero (but NOT before). 
•OPREQ can make a transition any time within this 600 nsec, region. 


Figure 11-14. Important Timing Considerations When Interfacing a 2650A CPU with l\/IC68XX Series Devices 


11-30 






ADAM OSBORNE & ASSOCIATES, INCORPORATED 


DATA SHEETS 


This section contains specific electrical and timing data for the 2650A. 
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2650A, 2650A-1 

PRELIMINARY SPECIFICATION 


ABSOLUTE MAXIMUM RATINGS' 



PARAMETER 

RATING 

UNIT 

Ta 

Operating temperature 

0 to 70 

“C 

Tstg 

Storage temperature 

-65 to +150 

“C 

Pd 

Package power dissipation^ 

1.6 

w 


All input, output, and supply 
voltages with respect to GND3 

-.5 to +6 

V 


DC ELECTRICAL CHARACTERISTICS Ta = o-C to lO^C. Vcc = 5V ± 5% 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 


Current 





mA 

IlL 

Input load 

ViN = 0 to 5.25V 



10 


Iloh 

Output high leakage 

ADREN, DBUSEN = 2.2V VoUT = 4V 



10 


Ilol 

Output low leakage 

ADREN, DBUSEN = 2.2V Vqut = 0.45V 



10 



Voltage levels 





V 

ViH 

Input high 




Vcc 


ViL 

Input low 




0.8 


VoH 

Output high 

lOH = -^0Q|lA 





VoL 

Output low 

lOL = 1.6ma 

0.0 


0.45 


Ice 

Power supply current 

Vcc = 5.25V Ta = 0°C 



150 

mA 


Capacitance 





Pf 

CiN 

Input 

> 

o 

z 

> 



10 


CoUT 

Output 

VoUT = ov 


IB 

10 



NOTES 

1. Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or at any other condition above those indicated in the operation 
sections of this specification is not implied. 

2. For operating at elevated temperatures the device must be derated based on +150*C 
maximum junction temperature and thermal resistance of 50” C/W junction to ambient 
(40 pin IW package). 

3. This product includes circuitry specifically designed for the protection of its internal 

devices from the damaging effects of excessive static charge. However, it is suggested 
that conventional precautions be taken to avoid applying any voltages larger than the 
rated maxima. ' 

4. Parameters valid over operating temperature range unless otherwise specified. 

5. All voltage measurements are referenced to ground. 

6. Preliminary specification 

7. Manufacturer reserves the right to make design and process changes and 
improvements. 


We reprint data sheets on pages 1 1 -D2 through 1 1 -D6 by permission of Signetics Corporation. 
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2650A, 2650A-1 

PRELIMINARY SPECIFICATION 


AC ELECTRICAL CHARACTERISTICS Ta = o°C to +70“C. Vcc = +5V ± 5%. 


PARAMETER 

LIMITS 

UNIT 

Min 

Mar 

Tah Address hold 

2650A 



ns 

Tas Address stable 

50 

- 

ns 

Tabd Address bus delay 

- 

180 

ns 

Tdh Data out hold 

JboCJA 

160 

200 


ns 

Tois Data in stable 

- 

2Tch +Tcl -200 

ns 

Tds Data stable 

50 

- 

ns 

TbiH Data in hold 

50 

■ - 

ns 

Tdbd Data bus delay 

- 

150 

ns 

T . u- u u 2650A-1 

Tch Clock high phase 2650A 

mmi 

- 

ns 

Tcl Clock low phase ^2650A^ 

250 

400 

- 

ns 

TCP Clock period . 

500 

BOO 

- 

ns 

Tpc(5) Processor cycle time 

2650A 

1500 

2400 

■- 

ns 

Tor OPREQ pulse width7 

2 Tch + Tcl 

2Tch + Tcl+ 100 

ns 

Tcor Clock to OPREQ time 

2650A 

100 

150 

200 

300 

ns 

Tosd OPREQ signal delay 

- 

230 

ns 

Toad OPACK delay time 

0 

- 

ns 

Toas OPACK setup time 

50 


ns 

Toah OPACK hold time 

50 

- 

ns 

Toss Control signal stable 

2650A 

100 

100 

.400 

500 

ns 

Tcsa Control signal available 

200 

- 

ns 

Twpo Write pulse delay 

2650A 

100 

100 

200 

300 

ns 

Twpo Write pulse from OPREQ 

Tch - 100 

Tch + 150 

ns 

Twpw Write pulse widths 

Tch - 75 

Tch 

ns 

T|rs INTREQ set up time 

- 

150 

ns 

T^RH INTREQ hold time 

0 

- 

ns 

Tcsd Control signal delay 

- 

180 

ns 


NOTES 

1. Input levels swing between 0.80 and 2.2 volts. 

2. Input signal transition times are 20n$. 

3. Timing reterence level Is 1.5 volts. 

4. Output load is -100 at lOOpf and 1 TTL load. 

5. Processor cycle time consists of three clock periods. 

6. Output buffer rise time is 150ns maximum. 

7. These values assume that OPACK is returned in time to not cause the processor to 
idle. Otherwise, the specified maximum will increase by an internal number of clock 
cycles. 
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Chapter 12 
THE RCA COSMAC 


We are going to describe the single-chip CPU referred to as the CDP1802. This is a one-chip implementation of 
the previous tworchip CPU, consisting of the CDP1801 and CDP18101. 

COSMAC is a "low end" microprocessor: it is well suited to simple, high-volume applications with limited program- 
ming needs. As compared to many other microprocessors described in this book. COSMAC is a poor choice for low- 
volume, program intensive applications: this is because COSMAC is relatively difficult to program optimally. 

But where does the transition from a simple application to a complex application occur? For COSMAC, it is sudden — 
an application either is or is not suited to COSMAC, with very little grey area. 

The principal advantage of COSMAC is that it requires very little power, since it is fabricated using CMOS tech- 
nology. If your application is going to be battery powered for any length of time, CMOS logic is strongly favored. 

In addition, if speed is not essential in your application, then power consumption can be further reduced by using a 
lower clock frequency. The advent of one-chip microcomputers has clouded the previously clear-cut power supply ad- 
vantage associated with CMOS technology. There are occasions when a multi-chip COSMAC (or IM6100) 
microcomputer system, even though it is all CMOS, will use approximately the same amount of power as a 
single-chip NMOS microcomputer: the single-chip microcomputer will be capable of doing the same job. Before im- 
mediately assuming that your application demands CMOS technology for power supply purposes, it is worth 
checking the power supply requirements of an equivalent NMOS one-chip microcomputer. 

Both the power and the inflexibility of COSMAC are based on a subtly clever use of CPU logic, coupled with a 
somewhat primitive interface between CPU and external memory. Providing you can accommodate all "pro- 
gram housekeeping" using CPU registers for your read/write memory, COSMAC is a superb microprocessor. 
"Program housekeeping" includes maintaining the program and data memory address required by subroutines, 
interrupts, and data accesses in generai. A large class of microprocessor applications fit these restrictions and are 
well suited to COSMAC. 

Devices described in this chapter include the CDP1802 Central Processing Unit and the CDP1852 8-bit input/output 
port. There is also a CMOS Universal Asynchronous Receiver/Transmitter (UART) — the CDP1854 device. This part is 
described in Volume 3. 

COSMAC is fabricated using CMOS technology. It operates with a single power supply and is very insensitive to noise. 
The power supply can vary between -t-3V and -f-12V. 

CMOS technology also results in COSMAC having a very low power consumption and a broad operating temperature 
range. It is one of the few products described in this book that operates within the full military specification tem- 
perature range of -55°C to -f-125°C. 

You should be cautious with your power supply when using COSMAC. CMOS is indeed immune to noise in the 
power supply: the power supply can swing wildly between -I-3V and -f 12V without affecting the 1 and 0 levels at in- 
dividual gates. However, timing swings accompany power supply swings. This would not be a problem if all signals 
changed frequency together: however, as we will discuss later in this chapter, signals do not change in unison. Thus, it 

is quite possible that a COSMAC system which works perfectly well with a +5V power supply is inoperable 
with a +8V power supply, because signal transitions have shifted sufficiently for -t-5V logic to no longer apply. 

Using a -F10V power supply, a 155 nanosecond clock results in instruction execution times of 2.5 or 3.75 microse- 
conds. In reality, a 200 nanosecond (or slower) clock should be used. Even though faster clocks are allowed, users have 
experienced design problems when attempting to run COSMAC microcomputer systems with clocks that are 
faster than 200 nanoseconds. 

The principal manufacturer for the COSMAC is; 

RCA SOLID STATE DIVISION 
P.O. Box 3200 
Somerville, N.J. 08876 
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The second sources are: 

HUGHES AIRCRAFT INC. 
Industrial Electronics Group 
500 Superior Avenue 
Newport Beach, CA 92663 

SOLID STATE SCIENTIFIC INC. 
Montgomeryville Industrial Park 
Mohtgomeryville, PA 18936 

THE COSMAC CPU 


Functions implemented on the COP1802 CPU are illustrated in Figure 12-1. 

Logic to handle an external interrupt request is provided by the COSMAC CPU, along with an elementary ability to han- 
dle interrupt priority arbitration. 

An unusual feature of COSMAC, as compared to other CPUs described in this book, is the fact that COSMAC provides 
an elementary DMA capability using CPU logic. 


GOSMAC PROGRAMMABLE REGISTERS 

These are the prograrhmable registers of the COSMAC CPU: 


4-bit, Program Counter Pointer 
4-bit, Data Counter Pointer 
8-bit buffer for P and X 



16 Bits 


8 Bits 

8 Bits 

R(0).1 

R(0),0 

R(1).1 

R(1>,0 

R(2).1 

R(2).0 

R(3).1 

R(3).0 

R(4).1 

R{4).0 

R{5),1 

R(5).0 

R(6).1 

R(6).0 

R(7).i; 

R(7).0 

R{8).1 

R(8).0 

R(9).1 

R(9).0 

R(A).1 

R(A),0 

R(B).1 

R(B).0 

R{C).1 

R(C).0 

R(D).1 

R(D).0 

R(E).1 

R(E).0 

R(F).1 

R(F).0 


\ 




/ 


Sixteen 16-bit Address registers or thirty- 
two 8-bit Data registers. No permanently 
assigned Data Counters or Program Coun- 
ters. 


D I . 8-bit Primary Accumulator 


The D register functions as a primary Accumulator. 

The sixteen 1 6-bit registers may serve as Program Counters, Data Counters, or scratchpad memory. 

As scratchpad memory, each 16-bit register consists of two 8-bit registers whose contents can be transferred to or from 
the primary Accumulator (D register). 

The nomenclature RN is used to define a 16-bit general purpose register. N may be any number in the range 0-15. 
When general purpose registers are being treated as 8-bit data storage units, R(N).1 is used to identify the high-order 
byte of General Purpose Register RN and R(N),0 is used to identify the low-order byte of General Purpose Register RN. 
For example, R6 identifies the seventh 16-bit general purpose register. This general purpose register contains a high- 
order byte, identified as R(6).1 and a low-order byte, identified as R(6).0. 
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lltrflitiilli 


Data Counters) 


Stack Pointer 


Direct Memory 
Access Control 
Lotjic 


Bus Interface 


Clock Logic 


Logic to Handle 
Interrupt Requests 
from 

External Devices 


Arithmetic and 
Logic Unit 


Instruction Register 


Control Unit 


■ 


Interrupt Priority 
Arbitration 


System Bus 


ROM Addressing 
and 

Interface Logic 


RAM Addressing 
and 

Interface Logic 


I/O Communication 
Serial to Parallel 
Interface Logic 


Read/Write 

Memory 


Read Only 
Memory 


Programmable 

Timers 


CDP1852 I/O Port 


Figure 12-1. Logic of the CDP1802 COSMAC CPU and the CDP1852 I/O Port 


The 4-bit P register identifies the 16-bit register which at any point in time is functioning as the Program 
Counter. 

The 4-bit X register identifies the 16-bit register which at any point in time is functioning as the Data Counter. 
The T register is a simple, 8-bit buffer within which X and P register contents are stored following an interrupt. 

COSMAC literature identifies a third 4-bit register, called the N register. On first reading, the N register may look 
like the X register, but in reality, the N register represents the low-order four bits of the Instruction register. The N 
register is not a programmable register as we define it 

The first three 1 6-bit registers have dedicated functions. 

Register RO is the Memory Address register used by the DMA logic of COSMAC. 

Following an interrupt acknowledge. Register R1 is assumed to contain the beginning address for the interrupt 
service routine; General Purpose Register R2 serves as a primitive Stack Pointer. A single instruction allows you 
to push the contents of the T register into the memory location addressed by General Purpose Register R2. Another 
single instruction loads P and X with the contents of the memory location addressed by General Purpose Register R2. 
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COSMAC MEMORY ADDRESSING MODES 

COSMAC offers implied addressing of data memory and direct addressing of program memory. 

Any COSMAC instruction that accesses data memory indicates one of the sixteen General Purpose registers as provid- 
ing the required memory address. Implied memory addressing with auto-increment or auto-decrement is also available 
in a limited number of cases. 

An instruction that accesses data memory may directly identify the general purpose register wherein the implied data 
memory address will be found; 


8-Bit Object 
Code 


Four 

instruction 

bits 


Four 

register 

identify 

bits 


J-1 

J 

J+ 1 


General Purpose 
Register 



1 

1 

pp ! qq 


1 

1 

1 


This memory location accessed ■ 


PPqq-1 
► ppqq 

ppqq+ 1 

ppqq + 2 
ppqq + 3 


Data 

Memory 


Alternatively, an instruction may specify that the X register points to the general purpose register which is to be used 
as a Data Counter: 


8- Bit Object 
Code 



General Purpose 



This memory location accessed 


Data 

Memory 


Branch instructions use direct memory addressing. COSMAC has two-byte and three-byte Branch instructions. A two- 
byte Branch instruction uses paged, direct addressing; the second byte of object code replaces the low-order byte of 
the 16-bit general purpose register currently serving as Program Counter: 


P register, 


I I ► 


RJ 


General Purpose 
Register 


Program 

Memory 



In the illustration above, the P register contains a hexadecimal digit represented by J. General Purpose Register RJ is 
therefore currently serving as the Program Counter. A two-byte Branch instruction contains an 8-bit value, represented 
by KK, in the second object program byte. When a branch is executed, KK is loaded into R(J).0, the low-order byte of 
General Purpose Register RJ. This represents straightforward, absolute paged direct addressing as described in Volume 
1 . 
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The second and third object code bytes of a three-byte Branch instruction provide a 1 6-bit address which replaces the 
entire contents of the general purpose register currently serving as Program Counter. This is equivalent to simple non- 
paged direct addressing as described in Volume 1 . When a 1 6-bit address is stored in memory, the high-order address 
byte precedes the low-order address byte as follows: 


General Purpose Data 

Register Memory 



Program and data memory in a COSMAC microcomputer system may be common or separate. Because COSMAC 
has a wealth of control signals, it is almost as easy to implement program and data memory with duplicated memory 
addresses and address spaces as it is to implement program and data memory with separate addresses and address 
spaces. Thus COSMAC can have separate program and data memories, as described for the SMS300, or it can have a 
shared address space, as is the case for all other microcomputers described in this book. 

COSMAC STATUS FLAGS 

COSMAC has no Status register, but it does have seven flags which, in a rather unusual way, provide status in- 
formation. 

Two of the seven status flags are orthodox: 

There is the Data Flag (DF), which is equivalent to the Carry status as we describe it. 

There is an Interrupt Enable flag which must be set to 1 if interrupts are enabled: this flag is reset to 0 in order to disa- 
ble interrupts. 

Five of the seven status flags are direct logic control statuses. 

There are four I/O flags (EF1 - EF4) which are connected through inverters to CPU input pins. External logic can 
input high or low signals at these four pins. Subsequently, COSMAC Branch-on-Condition instructions can test any 
one of these four pins, then branch or not branch, depending on the status of the pin. 

The fifth condition status is referred to as the Q status. This status can be set or reset directly by appropriate COS- 
MAC instructions. Subsequent Branch-on-Condition instructions will test the Q status in order to determine whether 
or not the branch will occur. In addition, the Q status is output to a pin which external logic can use in any way. 

We may summarize the I/O and Q statuses as follows: 


• CPU may read these status 
bits, but not w/rite into them 

• CPU may read or \«rite 
into this status bit 


f— 





E 

EF2 

EF3 

EF4 




Status levels Status 
set by input level 

signals output 


In addition, there are three I/O control signals output by COSMAC (NO, N1, and N2). These three signals can be used as 
control/status outputs to external logic. These three signals are described below, together with other COSMAC signals. 

COSMAC CPU PINS AND SIGNALS 

COSMAC CPU pins and signals are illustrated in Figure 12-2. A description of these signals is useful as a guide 
to the way in which the COSMAC microprocessor works. Signal names in Figure 12-2 conform with those used 
by COSMAC literature. 
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BUSO - BUS7 is a standard bidirectional parallel Data Bus; usually called DO - D7 for other microprocessors de- 
scribed in this book. All parallel data communications between the COSMAC CPU and external logic, memory, 
or I/O occur via this Data Bus. 

MAO - MA7 represent an 8-bit Address Bus. Most other microprocessors described in this book use the sym- 
bols AO - A7 for equivalent Address Bus lines. The fact that COSMAC has only eight address lines is very important. 
On the one hand, it frees up eight CPU DIP pins, which are used to provide extra control signals. The disadvantage of 
having just eight Address Bus lines is that all addresses must be multiplexed; the high-order address byte is output, 
followed by the low-order address byte-. RCA provides memory devices that include address decode logic. An addi- 
tional advantage of multiplexed address lines is that ROMs of varying sizes but identical pinouts can be constructed to 
recognize their own address space, thus giving users extra flexibility in constructing custom products. 

The remaining signals may be divided into timing, status, and control signals. 

The timing signals are CLOCK. XTAL, TPA, and TPB. 



CLOCK 

WAIT 

CLEAR 

Q 

SCI 

SCO 

MRD 

BUS7 

BUS6 

BUS5 

BUS4 

BUS3 

BUS2 

BUS1 

BUSO 

Vcc 

N2 

N1 

NO 

Vss 



Pin Name 

Description 

Type 

BUSO - BUS7 

Parallel Data Bus 

Bidirectional 

MAO - MA7 

Address Bus 

Output 

CLOCK 

Externally generated clock 

Input 

XTAL 

External crystal connection 

Input 

TPA, TPB 

Timing pulses 

Output 

EF1 - EF4 

External flags 

Input 

Q 

Q status 

Output 

SCO, SCI 

State Code lines 

Output 

MWR 

Write pulse 

Output 

MRD 

Read level 

Output 

NO - N2 

I/O command 

Output 

WAIT, CLEAR 

Control lines 

Input 

DMA-IN, DMA-OUT 

Direct memory access control 

Input 

INT 

Interrupt request 

Input 

Vdd 

Internal voltage supply 


^CC 

Input/Output voltage supply; logic 1 


vss 

Ground; logic 0 



Figure 12-2. CDP1802 COSMAC CPU Signals and Pin Assignments 

CLOCK is the principal timing signal input by external clock logic. Any frequency up to 6.4 MHz, when using a -f 10V 
power supply, is advertised, but frequencies above 5 MHz are not recommended. 

If you are using the on-chip clock logic, then you must connect an external crystal, with a parallel resistor, to the XTAL 
and CLOCK pins. 
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TPA and TPB are timing pulses output by the CPU to control external logic. 

CLOCK. TPA, and TPB timing is illustrated in Figure 12-3. 

The status signals are EF1 - EF4, Q. and SCO - SCI. 

We have already encountered signals EF1 - EF4. These are four signals which external logic can input high or low; 

they are tested by conditional Branch instructions. 

Q is output continuously, reflecting the level of the Q status flag, which you can set or reset by executing appropri- 
ate COSMAC instructions. External logic can use the Q output signal in any way. 

The two state signals SCO and SCI are output by the CPU to identify the type of machine cycle which is in 
progress. SCO and SCI are output as follows: 

SCI SCO Machine Cycle Operation 
0 0 Instruction Fetch 

0 1 Instruction Execute 

1 0 DMA Access 

1 1 Interrupt Acknowledge 

Typically, external logic will use the SCO and SCI signals as an integral part of device select logic in order to ensure 
that no device considers itself selected inappropriately. 

Remaining signals may be classified generally as controls. 

A low MVVR pulse identifies a memory write operation, an I/O data input operation, or the two operations occur- 
ring simultaneously. 

MRD low identifies a memory read operation, an I/O data output operation, or the two operations occurring 
simultaneously. 

You should always keep in mind the possibility of using the high MWR and MRD signal levels in a COSMAC microcom- 
puter system, this is because the delays betwe en signal tr ansiti ons can vary markedly with clock frequency. Some- 
times you will find it easier to use the NOT MWR or the NOT MRD condition to generate a strobe, rather than relying on 
the low pulse. , , 

When an Input or Output instruction is executed, as against a Memory Reference instruction, a nonzero value is 
output via the three I/O command pins NO, N1. and N2. If all three pins are low, no I/O operation is in progress How 
you use the three I/O command pins is up to you. They can, if you wish, identify an I/O port, in which case you can im- 
mediately address up to seven I/O ports. Alternatively, you can use these pins to distinguish between command, status 
or data. 

External logic can control the CPU via the WAIT and CLEAR inputs. These two inputs combine to force the CPU 
into the following states: 

W^ CPU State 
0 0 Load 

0 1 Reset 

1 0 Pause 

1 1 Run 

In the Load state, the CPU is idled and external logic can load memory directly, using the direct memory access logic 
provided by the CPU itself That is to say, no instructions are executed and output signals are inactive; however, if 
DfylA-IN is input low, then a DMA-IN machine cycle will be executed, as described later in this chapter.' 

The Reset state is a typical reset. During a reset, the Instruction register, the X and P registers, RO, end the Q status 
are all reset to zero, the Reset state mus t last f or at least nine clock pulses. You should end the Reset state by entering 
the Run state. Th us, -you may look upon WAIT as a signal which is main tained high during a normal sequence of Run 
and Reset states; CLEAR then becomes equivalent to the single RESET signal provided by other microprocessors. 

When you enter the Run state following a Reset, the P register will contain 0; therefore. General Purpose Register RO 
acts as a Program Counter. General Purpose Register RO contains 0000; therefore, the first instruction fetched follow- 
ing a Reset will have its object code stored in memory location 0000. When the COSMAC CPU is reset, interrupts are 
enabled. You must therefore disable interrupts with the first instruction of your bootstrap program. If you do not 
do this, any stray interrupts will be acknowledged with unpredictable results. 

The Pause mode stops all internal CPU operations other than the CLOCK signal. Note that COSMAC is a static 
device. CPU operations can halt for any length of time with no loss of data. 

The Run mode is the condition in which^the CPU will normally operate. 
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DMA-IN and DMA-OUT are control signals input by external logi c ip order t o perform direct memory access operations. 
DMA-IN requests a data transfer from external logic to memory; DMA-OUT requests a data transfer from memory to ex- 
ternal logic. In each c ase, mem ory is addresse d by General Purpose Register RO. External logic is implicitly identified — 
it is the source of the DMA-IN and DMA-OUT signals. Following a DMA transfer. General Purpose Register RO contents 
are incremented. 


I NT is a standard interrupt request input. 



COSMAC TIMING AND INSTRUCTION EXECUTION 


COSMAC signal timing varies with the frequency of the clock signal. Variations are non-linear. In the data 
sheets at the end of this chapter, delays are given for various clock frequencies. We recommend that you use 
one of the clock frequencies shown in the data sheets; you cannot accurately predict delays for other clock fre- 
quencies by interpolation or extrapolation. If you are using a clock frequency that is not shown in the data 
sheets, you should create your own data sheets by viewing waveforms on an oscilloscope and measuring 
delays experimentally. 

In the timing diagrams which follow, we have made some attempt to highlight the wide 
variations in timing that can separate a trigger signal transition and a subsequent dependent 
signal transition. In an NMOS device we might show a control pulse dependent on a clock signal 
as follows: 


COSMAC 

TIMING 

VARIATIONS 
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The same clock pulse might be more accurately illustrated for COSfvlAC as follows: 



All COSMAC instructions are executed as a sequence of machine cycles. Each machine cy- 
cle has eight clock periods, as illustrated in Figure 1 2-3. Two timing signals, TPA and TPB, are 
output as an integral part of every machine cycle’s timing. 


Most COSMAC instructions execute in two machine cycles; an instruction fetch machine cycle and an instruction ex- 
ecute machine cycle. A few three-byte instructions execute in three machine cycles. 

For any memory reference instruction, a 16-bit memory address is output, one byte at a time, on the 8-bit Ad- 
dress Bus, 9 S illustrated in Figure 1 2-4. The high-order address byte appears first and should be read on the trailing 
edge of JPA. The low-order address byte is read with the accompanying data strobe. 

When using certain clock frequencies, the high-order address byte does not appear on the 
Address Bus until some time after the trailing edge of TPA. This is identified in the data 
sheets by a negative set-up time, which may be illustrated as follows: 



COSMAC 

NEGATIVE 

SET-UP 

TIME 


COSMAC 

INSTRUCTION 

MACHINE 

CYCLE 
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Figure 12-4. COSMAC Memory Read Instruction Timing 


If your clock frequency results in negative set-up times/ then you must be sure to include 

extra logic that accounts for this fact Note carefully that negative set-up times occur in a number of different 

places within any machine cycle. 
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COSMAC MEMORY READ TIMING 

Figure 12-4 illustrates timing for a two-machine cycle memory read instruction's execution. An instruction fetch 
operation occurs in the first machine cycle and a memory read operation occurs in the second machine cycle. The only 
difference between these two machine cycles is the level of the SCO control output and the source of the memory ad- 
dress which appears on the Address Bus. 

The trailing edge of TPA is normally used as the high-order address byte strobe. When there is a negative set-up time, . 
the trailing edge of TPA occurs before the high-order address byte is stable on the Address Bus. You will now have to 
use some clock signal transition occurring after TPA as your high-order address byte strobe. 

MRD low occurs early on in a memory read or instruction fetch machine cycle. Therefore, as soon as the low-ord er ad- 
dress byte has been read by a memory device, it can immediately respond to a read request. The combination of MRD 
low and some appropriate clock signal transition must be used to generate a low-order address byte strobe. This strobe 
logic will be highly dependent on your clock frequency. The CPU reads data off the Data Bus on the rising edge of the 
T7 clock pulse. At this time, data on the Data Bus must be stable. 

COSMAC MEMORY WRITE INSTRUCTION TIMING 

A two-machine-cycle memory write instruction's timing is i llustra ted in Figure 12-5. Memory strobes the high- 
order address byte exactly as it would for a memory read. A low MWR pulse acts as the low-order address byte strobe 
and a data output strobe. The CPU hai valid data on the Data Bus before the high-order address byte output is com- 
plete; since the low-order address byte is stable on the Address Bus for a considerable time, there are no timing prob- 
lems associated with the |ow-order address byte or data output. 
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COSMAC DATA INPUT, DATA OUTPUT, AND DIRECT MEMORY ACCESS 

COSMAC DMA and |/0 logic are combined. We will therefore describe them together, beginning with direct 

memory access. 

External logic initiates a DMA-IN or DMA-OUT o peration by i nputting t he appropriate DMA control signal low. 

As illustrated in Figure 12-3, the CPU samples the DMA-IN and DMA-OUT lines at the end of T6 in non-instruction 
fetch rriachine cycles. Upon detecting one or the other of these two signals low, the CPU performs a direct memory ac- 
cess operation during the next machine cycle. Figure 12-6 illustrates timing for a DMA-IN machine cycle; Figure 
12-7 illustrates timing for a DMA-OUT machine cycle. As illustrated in these two figures, a DMA machine cycle 
consists of a simultarjeous memory and I/O access. 

Consider first the DMA-IN machine cycle illustrated in Figure 12-6. As "DMA-IN" would imply, data i s to flow from 
an external device to memory. The external device is implicitly identified; it is the device which drove the DMA-lN con- 
trol signal low in the previous machine cycle. The memory location to be accessed is addressed by Register RO. A DMA- 
IN machine cycle therefore consists of a data input machine cycle superimposed on a memory write machine cycle. In 
many microprocessors, superimposing these two operations within a single machine cycle would be impossible, since 
the Address Bus is used to identify memory locations and I/O devices; also, memory and I/O accesses occur during the 
same part of a machine cycle. In the case of COSMAC, the two operations can occur within a single machine cycle. 
The memory Ipcation tp be accessed is identified in the usual way by outputting a memory address on the 8-bit Ad- 
dress Bus. Memory interface logic selects a memory location and writes into it as it wo uld for a ny memory write 
machine cycle. Timing is illustrated in Figure 12-5. The external de vice w hich requested the DMA-IN can use the com- 
bination of a high TPA pulse toget her w ith SCO low, SCI high, and MRD high as a control signal forcing data onto the 
Data Bus. By the time TPA is high, MRD will have been driven low for a data out machine cycle. The DMA machine cy- 
cle is itself identified by SCO low and SCI high. 
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For the DMA-OUT machine cycle, illustrated in Figure 12-7, the memory access portion of the machine cycle 
does not differ from a memory read, as illustrated in Figure 12-4. The signal causing the addressed mem ory loca- 
tion to place data on the Data Bus will be generated, as shown in Figure 12-7, from the combination of MRD low and 
some appropriate clock transiti on; the app ropriate clock transition will depend on the clock frequency you are using. 
The I/O device requesting the DMA-OUT machine cycle can use the high TPB pulse as a strobe to read data off the 
Data Bus. ■ 

External logic may know whether a DMA-IN or a DMA-OUT operation is being performed, since the I/O device gener- 
ated the initial DMA request. In this case, external logic does need a CPU control signal identifying the direction of the 
DMA transfer. In Figure 12-6 we could show input data appearing on the Data Bus soon after the beginning of the 
DMA-IN mach ine cy cle, as identified by SCO low and SCI high. It is only necessary for the data to be stable on the Data 
Bus while the MWR pulse is low, since this is the memory write strobe which will cause the input data to be written 
into memory. 

During any DMA machine cycle, the address output on the Address Bus comes from Register RO, which is then 
incremented so as to point to the next memory location; this is in anticipation of a data block being transferred via 
direct memory access. 

If more than one device is capable of generating a DMA request, the CPU does nothing to help you resolve 
priority conflicts. In every DMA machine cycle, the CPU assumes that only one external device is requesting direct 
memory access, and that this device can uniquely identify itself. If more than one device is capable of requesting direct 
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memory access, then you must have your own external DMA arbitration logic. You must also be sure that the program 
has placed the correct value in the single DMA Address register (RO). Some variation of daisy-chaining is the simplest 
and most obvious scheme: it may be illustrated as follows: 

DMA RQ 
to CPU 


DMARQ3 DMACK3 DMARQ2 DMACK2 DMARQ1 DMACK1 DMARQO 


In the primitive logic illustrated above, DMARQ may be the DMA-IN or the DMA-OUT request line. In each case, the sig- 
nal input to the CPU is simply the wire-OR of all DMA requests fr om exter nal devices. Th us, if one or more devices is re- 
questing DMA access, a high DMARQn input will cause a low DMA-IN or DMA-OUT to occur at the CPU. 

Device 0 is considered to have highest priority. This device has no DMA acknowledge input. If Device 0 is requesting 
DMA access, it will assume that it is being serviced by the next DMA machine cycle. Lower priority devices require a 
DMA acknowledge signal. This signal can be the NOR of all higher priority DMA requests. Providing all higher priority 
DMA requests are low, no higher priority device is requesting DMA service: therefore the DMA acknowledge will be 
true. 

One problem can arise with the scheme illustrated a bove. If a DM A-IN and a DMA-OUT request occur si multaneo usly, 
the CPU g ives the DMA-IN request priority over the DMA-OUT request. You must therefore couple the DMA-IN and 
DMA-OUT requests in order t o generat e the DMA acknowledge signals returned to lower priority dev ices. You have two 
options. In the simpler case, D MA-IN r equests from all devices can have priori ty over DM A-OUT requests from any 
device: that is to say^ Device 3 DMA-IN requests will have priority over Device 0 DMA-OUT requests. Here is appropri- 
ate logic: 


DMA IN3 DMINAK3 DMA IN2 DMINAK2 DMA INI DMINAK1 DMA INO 



DMAOUT3 DMOUTAK3 DMA OUT2 DMOUTAK2 DMAOUT1 DMOUTAK1 DMA OUTO DMOUTAKO 
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A more reasonable scheme would be to give Device 0 DMA-IN and DMA-OUT requests priority over Device 1 DMA-IN 


and DMA-OUT requests, and so on. This can be accomplished as follows; 

DMA 1N3 DMACK3 DMA 1N2 DMACK2 DMA INI DMACK1 DMA INO 
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I/O instruction execution timing is illustrated in Figures 12-8 and 12-9. I/O machine cycles do have one addi- 
tional piece of logic not present in a DMA machine cycle: the NO, N1, and N2 signals identify the I/O machine 
cycle, and the I/O device being accessed. During any I/O machine cycle, one or more of these three signals will be 
high: thus, seven I/O devices may be identified. If you have fewer than seven I/O devices, then you can use the three 
signals NO, N1, and N2 to differentiate between data and control information. For a COSMAC system with three I/O 
devices, here is one possibility: 


N2 N1 NO 


t: 


■ 00 - Memory access 

01 - I/O device 1 select 

10 - I/O device 2 select 

1 1 - I/O device 3 select 

■ 0 - Data 

1 - Control/Status 
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The fact that I/O operations are in reality half of a DMA operation results in an anomaly. The MR P and MWR con- 
trol signals are logically inverted during an I/O operation if you thin k of th em as I/O control signals. MRD low, which 
signals a memory read operation, identifies an I/O output operation. MWR low, which signals a memory write opera- 
tion, identifies an I/O input operation. 

When an output instruction is executed, the Data Counter is incremented. The Data Counter is not affected 
when an input instruction is executed. The programming ramifications of COSMAC I/O instructions are discussed in 
more detail later in this chapter. 

A SUMMARY OF COSMAC INTERRUPT PROCESSING 

External logic can, at any time, request an interrupt by inputting a low signal at INT. INT signal timing is given in Figure 
12-3. Providing interrupts are enabled, following execution of the current instruction the CPU will respond to the in- 
terrupt request with these three steps: 

1) The contents of the X and P registers are moved to the T register. 

2) 1 is loaded into the P register and 2 is loaded into the X register. 

3) Interrupts are disabled. 

Steps 1 and 2 may be illustrated as follows; 
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The interrupt service routine now begins executing with the instruction addressed by General Purpose Register R1 . Any 
data accessed by the interrupt service routine must be addressed by General Purpose Register R2. 

In the event that an interrupt service routine may itself be interrupted, you can store the T register contents in memory, 
at the location addressed by General Purpose Register R2 (which is now pointed to by X). 

The four input signals, EF1 - EF4. are the only means directly available for external logic to identify itself when 
more than one external device can request an interrupt. Use of these external flag signals means that the interrupt 
service routine must begin with a number of Branch-on-Condition instructions that test the input flags to determine 
which is high. 

More complex interrupt priority arbitration schemes must rely upon external logic to create an identifying code for the 
CPU to read out of an I/O port. 

THE COSMAC INSTRUCTION SET 

Table 12-1 summarizes the COSMAC instruction set. 

You should allow for some anomalies in the COSMAC instruction set before starting to write programs. 

There are four instructions which access the Data Counter. They are; 

1) LDX - transfer the contents of the memory location addressed by the Data Counter to the CPU Accumulator (D 

register). 

2) LDXA - same as LDX, but post-increment the Data Counter. 

3) IRX - increment the Data Counter. 

4) STXD - store the CPU Accumulator (D register) contents in the memory location addressed by the Data Counter, 

then post-decrement the Data Counter. 

These four instructions are sometimes difficult to use. Usually, a pair of instructions that increment and decrement 
a memory address will pre-increment and post-decrement, or post-increment and pre-decrement. In either case you 
can use the Data Counter as a Stack Pointer. Post-increment and post-decrement logic simply makes programming 
more difficult. The problem is further compounded by the fact that there is an LDX instruction, but no STX instruction; 
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also, there is an Increment Data Counter (IRX) instruction, but no Decrement Data Counter instruction. The fact that 
there is no Decrement Data Counter instruction is annoying, since every output instruction iricrements' the Data 
Counter - something you don’t always wish to do. 

COSMAC has no Jump-to-Subroutine instructions. You must maintain a separate Program Counter within the 
CPU registers in order to address subroutines, in very simple programs, this is a perfectly workable scheme: 

what it means is that all subroutines are single level (that is to say, a subroutine will be called by a main, program and 
never by another subroutine). 

Consider the following register/memory scheme in a small COSMAC microcomputer system: 


Memory 



\ 


\ Programs 

... 


/ 


) 

^ Data RAM 


The scheme illustrated above shows data memory being divided into four stacks, each of which has its own Data 
Counter. The program consists of a main program and six subroutines. The main program has a Program Counter, and 
each subroutine has its own Program Counter. In order to call a subroutine, you simply switch from the main Program 
Counter to a subroutine Program Counter. In order to return from a subroutine, you simply switch from the subroutine 
Program Counter to the main Program Counter. This may be illustrated as follows: 

..MAIN PROGRAM. IT USES DATA BUFFER 1. 


SETP 5 ..CALL SUBROUTINE 2 

..SUBROUTINE 2 RETURNS. HERE 


..SUBROUTINE 2 BEGINS AT INSTRUCTION START 


12-18 




RET SETP . 3 

START SETX 1 1 


..RETURN TO MAIN PROGRAM 
..SUBROUTINE 2 USES DATA BUFFER 2 


a 

UJ 

5 

oc 

o 

CL 

cc 

o 

o 

z 


u 

o 


(A 

(A 


< 

c3 


111 

Z 

c 

o 

CD 

(A 

O 


S 

< 

o 

< 




SETX 10 ..RESTORE MAIN PROGRAM DATA COUNTER 

BR RET ..BRANCH TO RETURN INSTRUCTION 

Subroutine 2 program logic illustrated above is self-evident, except for the return procedure. 

Initially, Register 5 holds the address of the subroutine 2 instruction labeled START (that is, the SETX 1 1 instruction). 
Therefore, when the SETP 5 instruction is executed in the main program, execution branches to instruction START 
within subroutine 2. This instruction selects Register 11 as the Data Counter for subroutine 2. After the body of 
subroutine 2 has been executed, the return procedure begins with the SETX 10 instruction, which restores the Data 
Counter pointer required by the main program. This is assumed to be Register 1 0. The next instruction branches to RET, 
which is the instruction preceding the start of subroutine 2. This instruction loads the value 3 into the P register, thus 
selecting Register R3 as the next Program Counter — this causes execution to return to the main program. But notice 
that Register R5, which was the Program Counter for subroutine 2, is left addressing START, since R5 will have been in- 
cremented while executing instruction RET. Thus, the next time the main program calls subroutine 2, .Register R5 will 
be pointing to START, which is the correct entry point for subroutine 2. The instruction execution path may now be il- 
lustrated as follows: 

..MAIN PROGRAM. IT USES DATA BUFFER 1. 


SETP 


..CALL SUBROUTINE 2 
..SUBROUTINE 2 RETURNS HERE 


..SUBROUTINE 2 BEGINS AT INSTRUCTION START 

•RET SETP — I ..RETURN TO MAIN PROGRAM 

•START SETX 11 ..SUBROUTINE 2 USES DATA BUFFER 2 


SETX 10 I ..RESTORE MAIN PROGRAM DATA COUNTER 

BR RE-P ..BRANCH TO flETURN INSTRUCTION 

Note that when the SETP 5 instruction is executed. Register 3 is left pointing at the next memory location. If desired, a 
list of parameters can be stored following the SETP 5 instruction and then picked up by the subroutine via LDA 3 in- 
structions. For example. 



SETP 

5 



06 


..NUMBER OF BYTES 


'S' 

'I' 

'G' 


..ASCII MESSAGE 


'N' 




'C' 




'N' 



RET 

SETP 

3 


START 

LDA 

3 



PLO 

6 



SETX 

3 


LOOP 

OUT 

PORTSNUMBER 


DEC 

6 



GLO 

6 



BNZ 

LOOP 



BR 

RET 
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By keeping a number of short subroutines on a single 256-byte page of memory, you can increase the number of 
addressable subroutines. Consider the following scheme: 


Program 

Memory 


Arbitrary 

Memory 

Address 

1F00 


R5 accesses 
seven subroutines 



Subroutine 2.1 


Subroutine 2.2 


Subroutine 2.3 


1F40 

1F60 

ifb'o 


Subroutine 2.4 


Subroutine 2.5 


Subroutine 2.6 


Subroutine 2.7 


1FB0 

1FC0 

1FE0 


In order to call one of the seven subroutines held on Page 1Fi0, you must load the correct subroutine starting address 
into the low-order byte of Register R5 prior to calling the subroutine. This may be illustrated as follows: 

..MAIN PROGRAM. IT USES DATA BUFFER 1, 



LDI 

61H 

..INITIALIZE R(5).0 FOR SUBROUTINE 2.3 


PLO 

5 



SETP 

5 

...CALL SUBROUTINE 2.3 
..SUBROUTINE 2.3 RETURNS HERE 

..SUBROUTINE 2.3 IS ORIGINED AT 1F61H 

ORG 1F60H 

RET 

SETP 

3 

..RETURN TO MAIN PROGRAM 

START 

SETX 

11 

..SUBROUTINE 2.3 USES DATA BUFFER 2 


SETX 

10 

..RESTORE MAIN PROGRAM DATA COUNTER 


BR 

RET 

..BRANCH TO RETURN INSTRUCTION 
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You can use a similar scheme to increase the number of addressable data buffers. For exqpnple, you could have a large 
number of short data buffers on a single 256-byte page of data memory. This may be illustrated as follows: 



Arbitrary 
Program Memory 

Memory Address 
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We must now modify our instruction sequence as follows: 
..MAIN PROGRAM. IT USES DATA BUFFER 1 


LDI 61 H ..INITIALIZE R(5).0 FOR SUBROUTINE 2.3 

PLO 5 

SETP 5 ..CALL SUBROUTINE 2.3 

..SUBROUTINE 2.3 RETURNS HERE 


..SUBROUTINE 2.3 IS ORIGINED AT 1F61H. IT USES DATA BUFFER 2.3 


ORG 

pET SETP 
START LDI 
PLO 
SETX 


1F60H 

3 

30H . 
11 
11 


..RETURN TO MAIN PROGRAM 
..INITIALIZE RdD.O FOR DATA COUNTER 


SETX 10 ..RESTORE MAIN PROGRAM DATA COUNTER 

BR RET ..BRANCH TO RETURN INSTRUCTION 

There is no simple way of handling nested subroutines using the COSMAC instruction set. 

The problem is that if a subroutine can be called by another subroutine, then you have no obvious 
return logic. Suppose, for example, that subroutine X can be called by subroutine A, B, or C, or by 
the main program. If subroutines A, B, and C each have their own Program Counter, then how is 
subroutine X going to know which Program Counter to select when returning? In order to resolve this problem, you will 
need a special subroutine to call subroutines, with another special subroutine to return from subroutines. Consider the 
following register assignments: 


COSMAC 

NESTED 

SUBROUTINE 



RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

Rll 

R12 

R13 

R14 


R15 


DMA memory address 
Interrupt Program Counter 
Interrupt Data Counter 
Main Program Counter 
Call subroutine Program Counter 
Return subroutine Program Counter 
Stack Pointer 


Every time a subroutine is called. Register R4 must be selected as the new Program Counter. Register R4 switches to a 
special subroutine whose only purpose is to save the contents of Register R3 in an external stack, which is addressed 
by R6. If additional registers are dedicated to serving as Data Counters, then the contents of these registers may also 
have to be saved on the external stack. After register contents have been appropriately saved, the CALL subroutine 
must select the required subroutine. There are many ways in which you can identify the required subroutine; one tech- 
nique would be to use an additional register as a pointer tp a data table within which all subroutine addresses are 
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Stored. For example, R7 might point to such a data table. Now the calling program must load into R7 the address of the 
location in the data table where the required subroutine address is stored. Now the CALL subroutine will use R7 as a 
pointer to two bytes of data, which must be loaded into R3 before the CALL subroutine terminates execution by select- 
ing R3 as the next Program Counter. 

When a subroutine completes execution, it returns by selecting Register R5 as the Program Counter in order to call a 
RETURN subroutine, the RETURN subroutine must reload R3, and any dedicated Data Counter registers' contents from 
the exterrial stack,'which is addressed by R6. Having done this, the RETURN subroutine selects R3 as tHe next Program 
Counter, thus affecting a return from subroutine. 

It takes 1 28 microseconds to execute a well-written CALL subroutine. It takes 1 1 2 microseconds to execute a well-writ- 
ten RETURN subroutine. These times assume a 2 MHz clock. , • 

RCA's COSMAC Programming Manual describes some additional techniques for handiing ne sted subroutine s. 

Programming interrupt service Routines is quite simple — providing you do not use CdSMAC 
subroutines within the . interrupt service routine. Remember, as soon as an interrupt is INTERRUPT 

acknowledged, R1 becomes the Program Counter and R2 becomes the Data Counter: the previous SERVICE ■ 

Program Counter and Data Counter pointers are stored in the memory location which was ad- ROUTINE 

dressed by the Data Counter when the interrupt occurred. Now, providing there are no PROGRAMS 
subroutines in the interrupt service routine, you can simply execute a program which is addressed 
by R1, while using R2 to access data memory. If you do execute subroutines, you must consider all of the problems 
associated with using subroutines in a main program, but you must add a new complication: R1 is now the main 
Program Counter. You must either have special subroutines.that are called only by the interrupt service routine, or you 
must write some type of instruction sequence which switches to using the main Program Counter register within the 
interrupt service routine before you Start calling subroutines. . 

COSMAC I/O instructions are quite unusual. The most unusual (and useful) aspect of COS- COSMAC 

MAC I/O instructions is the fact that they transfer data between memory and an I/O device. INPUT/ 

Most microprocessors tfarisfer data between the CPU and I/O devices. When you are inputting or OUTPUT 

outputting one byte of data at a time, it makes more sense for the data transfer to occur between PROGRAMS 

the CPU and the I/O device, since the single byte of data is likely to be generated in the CPU for an 
output operation, or is likely to be operated on by the CPU after being input. When blocks of data are being input or 
output, it makes more sense for the data transfer to Occur between memory and an I/O device, since the bipck of data 
must be held in a memory buffer. 

COSMAC input instructions transfer the data to the CPU Accumulator and the memory location addressed by the Data 
Counter, thus giving you the benefit of both possibilities. If your program is in read-only memory, you can avoid input 
data being written into memory by selecting the same register to act as Program Counter and Data Counter. Now the 
input data will be stored in the Accumulator (D register), but the attempt to write the input byte into memory will be th- 
warted, since the selected memory location will be a read-only memory location. 

COSMAC output instructions increment the Data Counter after performing the output operation. This makes it easy to 
output a block of data from data. memory. 

If you select the same register to act as Program Counter and Data Counter during an output operation, then the Pro- 
gram Counter will be incremented twice: once for the normal instruction fetch increment, and a second time for the 
data output. This allows you to perform immediate output operations. 

THE BENCHMARK PROGRAM 

Now consider our benchmark program: for COSMAC it looks like this: 

LDI TABHI ..LOAD TABLE BASE ADDRESS HIGH ORDER BYTE 

PHI R15 ..INTO R15 AND R13 

PHI R13 ..R1 5 POINTS TO NEXT FREE TABLE BYTE 

LDI 00 

PLO R13 ..R1 3 POINTS TO FIRST BYTE IN TABLE 

PLO R14 

LDN R13 ..ASSUME THAT DISPLACEMENT TO FIRST 

PLO R15 ..FREE BYTE IS STORED IN FIRST TABLE BYTE 

LDI lOBFHI ..LOAD lOBUF START ADDRESS INTO R14 

PHI R14 

LDN R14 ..LOAD DISPLACEMENT TO END OF FILLED lOBUF 

PLO R14 

LOOP: LDN R14 ..LOAD NEXT BYTE FROM lOBUF 

STR R15 ..STORE IN NEXT FREE TABLE BYTE 
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INC 

R15 

..INCREMENT R15 

DEC 

R14 

..DECREMENT R14 

GLO 

R14 

..TEST LOW ORDER BYTE OF R14 

BNZ 

LOOP 

..IF NOT ZERO RETURN TO LOOP 

GLO 

R15 

..AT END RESET FIRST BYTE OF 

STR 

R13 

..TABLE TO NEW FIRST FREE BYTE ADDRESS 


This is the memory map assumed by the benchmark program above: 

lOBUF TABLE 

YYOO 


YYQQ First free byte 


t i 1 1. 

Tables lOBUF and TABLE are both origined oh page boundaries; that is to say, the low-ordet eight bits of the origin , ad- 
dress are zeros. Data in table lOBUF is stored backwards. The first byte of data to be moved from lOBUF to TABLE is 
stored at the highest memory address of lOBUF. This highest memory address, illustrated above by XXPP, Is, derived by 
adding the contents of the first lOBUF table byte to the origin address. Thus, the first byte of lOBUF stores that length of 
table lOBUF which is currently filled. COSMAC program logic can now decrement the initial lOBUF address from XXPP 
and, upon testing the low-order byte equal to zero, logic knows that all data has been transferred. 

The destination table stores the displacement to the first free table byte in the first byte of TABLE. Thus the address of 
the first free byte equals the origin plus the contents of the first TABLE byte. 

Since the displacement to the first free byte of TABLE is stored in a single data byte, clearly TABLE cannot be more 
than 256 bytes long. Thus, lOBUF must coritain less than 256 bytes at any time. 

If you look at the COSMAC program, it appears rather long. The instruction loop itself contains only six instructions, 
which compares well with many other benchmark programs. What is deceptive about the benchmark program is the' 
fact that we have taken a large number of instructions in order to load initial addresses into general purpose registers. 
Remember, COSMAC has sixteen such general purpose registers, and the whole programming philosophy of this 
microcomputer is that you load addresses into general purpose registers once, at the beginning of the program, and 
never again. In fact, the benchmark program points up both the strength and the weakness of the COSMAC instruction 
set. Its Strength is that large numbers of addresses can be permanently stored within CPU registers, thence memory ac- 
cess becomes a trivial task. Its weakness is that it takes a lot of instructions to get memory addresses into general pur- 
pose registers in the first place — and that becomes a liability if you have to re-use the same general pUrpdse register in 
a number of different ways within one program. 

The following symbols are used in Table 12-1 : 


ADR8 

8-bit address 

ADR16 

16-bit address 

D 

D register 

DATA8 

8-bit data unit 

DEV 

3-bit code: 1 through 7 

DF 

Data Flag or Carry 

EFn 

Pin status: EF1, EF2, EF3, or EF4 

IE 

interrupt Enable bit 
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n One of the numbers 1, 2, 3, 4 

N 4-bit register select unit 

N210 Three output pins, N2, N1, NO 

P 4-bit Program Counter Pointer register 

Q Q status output flip-flop 

R(z) Specifies a register: 

if z is N the instruction operand specifies the register 

P the contents of the P register specify the register 
X the contents of the X register specify the register 

T T register 

X 4-bit Data Counter Pointer register 

x<y,z> Bits y through z of a register or memory location. For example, T <7,4> represents the high-order four bits of 
the T register. 

[] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, then 

the designated register's contents are specified. If an I/O port number is enclosed within the brackets, then 
the I/O port contents are specified. If a memory addresses enclosed within the brackets, then the contents of 
the addressed memory location are specified. 

[[]] Implied memory addressing: the contents of the memory location designated by the contents of a register. 
A Logical AND , 

V Logical OR 

-V- Logical Exclusive-OR 

Data is transferred in the direction of the arrow. 


Under the heading of STATUSES in Table 12-1, an X indicates statuses which are modified in the course of the instruc- 
tion's execution. If there is no X, it means that the status maintains the value it had before the instruction was ex- 
ecuted. 
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Table 12-1. GOSMAC Instruction Set Summary 


TYPE 

MNEMONIC. 

OPERAND(S) 

BYTES ^ 

STATUSES 

OPERATION PERFORMED 


D 

■ 





INP 

DEV 


■ 

■ 

■ 

■ 

■ 

■ 

[tWX)]]— tOl— BUS 










■ 

N210— [N<2,0>] 





1 

1 

1 

1 

■ 

■ 

Input data from Bus to Register D and memory. Output device number (DEV) at pins N2, N1, NO. - 

5 

OUT 

DEV 


1 

■ 

1 

1 

■ 

■ 

BUS — [[ R(X)]], I R(X)1 [ R(X)] +1 











N210'-[N<2,0>] . 







1 


m 

II 

[R(X)]— [R(X)]+ 1 




■ 

■ 

■ 

■ 

■ 

■ 

1 

Output memory to Bus; output device number (DEV) at pins N2, N1, NO; increment Data Counter. 


LON 

N 

■■■ 

■ 

■ 

■ 

■ 

■ 

■ 

(D]-I[R(N)]] 











Load D register via specified register. N may not be 0. 

u 

z 

LDA 

N 






H 

1 

tD]-[[R(N)]] 

UJ 










tR(N)]— [R(N)]+-1 

tu 

u. 










Load D register via specified register. Increment spiecified register. 

oc 

STR 

N 






H 

■ 

. I[.R(N)]]-[D] 

> 










Store D register via specified register. 

o 

LDX 




■ 

■ 

■ 

H 

1 

• [D]— nwx)]] 

UJ 










Load D register using implied addressing. 

s 

LDXA . 








1 

[D]-([R(X)]] 

GC 










[R(X))-[R(X)] + 1 

5 









1 

Load D register using implied addressing. Increment Data Counter. 

ec 

STXD 









I[R(X)]]-Id] 









■ 

1 

[WX)]— [r(x)M 





■ 

■ 

■ 

■ 

■ 

■ 

Store D register using implied addressing. Decrement Data Counter. 


OR 


n 


■ 





ID]— I(R(X)1] V [D] 











OR with D register using implied addressing. 


XOR 


1 







[Dl— IlR(X)]]-V-[D] 

o 










Exclusive-OR with D register using implied addressing. 

UJ 

AND 


1 







[Dl— [IR(X)]] A ID] 

UJ 

U. UJ 










AND with D register using implied addressing. 

UJ H 

ec < 

ADD 


1 

X 






[D]-([R(X)]]+ [D] 











Add to D register using implied addressing. 


ADC 


1 

X 






ID]— [IR(X)]]+ [D]+ [DF] 

!" a 










Add with Carry to D register using implied addressing. 

S O 

SD 


1 

X 






[D]-{[R(X)]]-[D] . 

e u 










Subtract D from memory using implied addressing. 

22 

SDB 


1 

X 






: (D]-IlR(X)]]-lD]r[DF] 

2 

o 










Subtract with borrow from memory using implied addressing. 

o 

SM 


1 

X’ 






(D]-[D]-[[R(X)]] 

0) 










Subtract memory from D using implied addressing. 


SMB 


1 

X 






[D]-[D]-t[R(X)]]-[DF] 






■ 





Subtract memory with borrow from D using implied addressing. 
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Table 12-1. COSMAC Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND (S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

o 

D 
















K 












LDI 

DATA8 




H 


■ 

■ 

tOl— DATA8 

UJ 

5 




■ 

■ 

■ 

■ 

■ 

■ 

Load immediate to D register. 

s 




■ 

■ 

■ 

M 

■ 

■ 



ORI 

DATA8 


imi 

■ 

■ 

m 

■ 

n 

to]— DATA8V IDI 











OR immediate with D register. 


XRI 

DATA8 







H 

[Dj— DATA8V [Dl 











Exclusive-OR immediate with D register. 


ANI 

DATA8 







H 

[Dl— DATA8 A tD] 






■ 

■ 

■ 

■ 

■ 

AND immediate with D register. 


ADI 

DATA8 



■ 

■ 

■ 

■ 

■ 

[D]— DATA8+ [D] 

“ i“ 









■ 

Add immediate to D register. 

5 < 

ADCI 

DATA8 







■ 

Id]— DATA 8+ IDJ+ iDF] 

UJ UJ . 




HH 




■ 

■ 

Add immediate with Carry to D register. 

I ° 

SDI 

DATA8 








[Dj— DATA8-ID] 











Subtract D register from immediate data. 


SDBI 

DATA8 




■ 


■ 

■ 

[D]— DATA8-ID1-IDF] 





HH 






Subtract D register with borrow from immediate data. 


SMI 

DATA8 



■ 

1 


H 

H 

ID]— ID]-DATA8 











Subtract immediate from D register. 


SMBI 

DATA8 







H 

ID]— ID]-DATA8-IDF] 






■ 

■ 

■ 

■ 

■ 

Subtract immediate with borrow from D register. 


BR 

ADR8 

B 

■ 

■ 

■ 

■ 

■ 

■ 

IR(P)<7.0>] — ADRB 

0. 










Branch within same page to given address. 


LBR 

ADR 16 




1 


H 

H 

IR(P)]— ADR16 

o 










Branch to given address 

z 

< • 

SKP 




■ 

1 

■ 

H 

H 

IR(P)]— IR(P)]+ 1 

Z ' 










Skip next byte. 

z 

LSKP 








H 

lR(P)]-lR(P)] + 2 

fiC 










Skip next two bytes. 

CD 

NBR 

ADR8 



■ 

■ 

■ 

■ 

m 

Same as SKIP 


NLBR 

ADR16 


■ 

■ 

■ 

■ 

■ 

m 

Same as LSKP 

a 

82 

ADR8 

m 

■ 

1 

1 

■ 

1 

■ 

If ID]=0: then IR(P)<7,0>]— ADR8 

^ Z 









■ 

Branch within same page on D register zero. 


BNZ 

ADR8 








If I D]^^; then IR(P)<7,0>]— ADR8 

< 1 





■ 

■ 

■ 

■ 

H 

Branch within same page on D register nonzero. 

I o 

BDF 

ADR8 








If I DF] = 1 ; then I R(P)< 7,0 > ] — ADR8 




■ 

■ 

■ 

1 

I 

1 

1 

Branch within same page on Carry set. 

m 



■ 

■ 

■ 

■ 

■ 

■ 

■ 


























BRANCH AND SKIP ON CONDITION 


Table 12-1. COSMAC Instruction Set Summary (Continued) 


STATUSES 


TYPE 


Q 


Z 

O 

o 


MNEMONIC 

BNF 

BQ 

BNQ 

Bn 

BNn 

LBZ 

LBNZ 

LBDF 

LBNF 

LBQ 

LBNQ 

LSZ 

LSNZ 

LSDF 

LSNF 

LSQ 

LSNQ 

LSIE 


OPERAND(S) 

ADR8 

ADR8 
A0R8 
ADR8 
ADR8 
ADR 16 
ADR16 

ADR 16 
ADR16 
ADR 16 
ADR 16 



OPERATION PERFORMED 


If (DF]=0; then tR(P)<7,0>]'-ADR8 
Branch within same page on Carry reset. 

lfQ=1:then [R(P)<7,0>]-- ADR8 
Branch within same page on output flip-flop set. 

If 0=0; then ( R(P) <7,0 > )— ADR8 
Branch within same page on output flip-flop reset. 

If EFn=1; then [R(P)<7,0>) — ADR8 
Branch within same page on specified external flag set. 

If EFn =0; then t R(P)< 7,0 > ] — ADR8 

Branch within same page on specified external flag reset. 

If [D]=0; then tR(P)] — ADR16 
Branch absolute on D register zero. 

If iDlrtO; then IR(P)]— ADR16 

Branch absolute on 0 register nonzero. 

If [DF] = 1:then [R(P)] — ADR16 
Branch absolute on Carry set. 

If (DF]=0:then [R(P)]— ADR16 
Branch absolute on Carry reset. 

If [Q]=1:then [R(P)] — ADR16 
Branch absolute on output flip-flop set. 

If (Q]=0;then [R(P)] — ADR16 
Branch absolute on output flip-flop reset. 

If [ D] =0: then [ R(P)] — [ R(P)] + 2 
Skip two bytes if D register zero. 

If (D]r«0: then IR(P)]*-(R(P)] + 2 
Skip two bytes if D register nonzero. 

If [DF1 = 1: then [ R(P)]*-[R(P)] + 2 
Skip two bytes if Carry set. 

If (DF]=0;then [ RIPn — tRIP)] + 2 
Skip two bytes if Carry reset. 

If [Ql=1: then [R(P)]— [R(P)] + 2 
Skip two bytes if output flip-flop set. 

If [Q]=0:then [ R(P|] — [ R(P)] + 2 
Skip two bytes if output flip-flop reset. 

If (IE]=1, then (R(P)]-[R(P)] + 2 
Skip two bytes if interrupts are enabled. 
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Table 12-1. COSMAC Instruction Set Summary (Continued) 


MNEMONIC 


Or^ERANDIS) 


OF IE 


OPERATION PERFORMED 


GLO 

GHI 

PLO 

PHI 


ID]— tR(N)<7,0>] 

Load D with low byta of specified register. 
IDI— IR(N)<15,8>] 

Load D with high byte of specified register. 
IR(N)<7,0>1— [Dl 

Store D to low byte of specified register. 
[R(N)<15,8>]— [D] 

Store D to high byte of specified register. 


INC 

DEC 

IRX 


SHRC 


[R(N)1— IR(N)]+ 1 
Increment specified register. 
IR(N)]— tR(N)]-1 
Decrement specified register. 
iRIxn— [R(X)1+ 1 
Increment Data Counter. 


o.». j r4--b--i>r4--hi ^n 

Shift D register right one bit. Shift bit 0 into Carry; reset bit 7. 


Shift D register right one bit through Carry. 


Shift D register left one bit. Shift bit 7 into Carry; reset bit 0. 


Shift D register left one bit through Carry. 
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Table 12-1. COSMAC Instruction Set Summary (Continued) 


TYPE 


MNEMONIC 


OPERAND(S) 


BYTES 


STATUSES 


SAV 

MARK 


1 

1 


OF 


IE 


ItR(X)]]-[T] 

Save T register in memory. 
[T<7.4>] — [X] 
[T<3,0>] — [P] 


OPERATION PERFORMED 


u 

< 

K 

<n 


RET 


1 


DIS 


1 


ttR(2)ll— [T] 

[R(2)]-IR(2)1-1 

Save X and P in T; then push onto Stack via Register 2. Decrement Register 2. Move P to X. 
IX]— [IR(X)]<7.4>] 
tP]-IlR(X)]<3,0>] 

IR(X)]— IR(X)]+ 1 
[IE]— 1 

Pop memory into X and P using implied addressing. Increment Data Counter. Enable interrupts. 
IX]— IIR(X)]<7.4>] 

IP]- I[R(X)]<3,0>] 

IWX)]- IR(X(]+ 1 
HE] — 0 


SEP 


N 


Pop memory into X and P using implied addressing. Increment Data Counter. Disable intenupts. 


[P]-N 


v> 

3 

y- 

< 

CO 


SEX 

SEQ 


N 


1 

1 


REQ 


IDL 1 

NOP 1 


Set P register to N. 

IX]-N 

Set X register to N. 

IQ]-1 

Set output flip-flop. 

[Q]-0 

Reset output flip-flop. 

Idle CPU. Wait for Interrupt/DMA-IN/DMA-OUT. 
No Operation 



















a 

111 

H 

< 

oc 

o 

Q. 

CC 

o 

u 

z 


8 

w 

v> 


< 

o3 


LU 

Z 

CC 

o 

OQ 

CA 

O 

S 

< 

Q 

< 


The following symbols are used in Table 12-2; 
aaaa 4 bits selecting one of the 16 registers 
bbb 3-bit data unit output to N2, N1, NO lines 
PP 8-bit address 

QQ Second 8 bits of a 16-bit address 
XX 8-bit immediate data unit 


Table 12-2. COSMAC Instruction Set Object Codes 


INSTRUCTION 

OBJECT CODE 

BYTES- 

MACHINE 

CYCLES 


INSTRUCTION 

OBJECT CODE 

BYTES 

MACHINE 

CYCLES 

ADC 


74 

1 

2 


LBNF ADR 16 

C3 

3 

3 

ADCI 

DATA8 

7C 

2 

2 



PP 





XX 





QQ 



ADD 


F4 

1 

2 


LBNQ ADR 16 

C9 

3 

3 

ADI 

DATA8 

FC 

2 

2 



PP 





XX 





QQ 



AND 


F2 

1 

2 


LBNZ ADR 16 

CA 

3 

3. 

' ANI 

DATA8 

FA 

2 

2 



PP 





XX 





QQ 



BOF 

ADR8 

33 

2 

2 


LBQ ADR 16 

Cl 

3 

3 



PP 





PP 



BNF 

ADR8 

3B 

2 

2 



QQ 





PP 




LBR ADR 16 

CO 

3 

3 

BNQ 

ADR8 

39 

2 

2 



PP 





PP 





QQ 



BNZ 

ADR8 

3A 

2 

2 


LBZ ADR16 

C2 

3 

3 



PP 





PP 



BNI 

ADR8 

3C 

2 

2 



QQ 





PP 




LDA N 

OlOOaaaa 

1 

2 

BNZ 

ADR8 

3D 

2 

2 


, LDI DATA8 

F8 

2 

2 



PP 





XX 



BN3 

ADR8 

3E 

2 

2 


LDN N 

OOOOaaaa 

1 

2 



PP 




LDX 

FO 

1 

2 

BN4 

ADR8 

3F 

2 

2 


LDXA 

72 

1 

2 



PP 








BQ 

ADR8 

31 

2 

2 


LSDF 

CF 

1 

3 



PP 




LSIE 

CC 

1 

3 

BR 

ADR8 

30 

2 

2 


LSNF 

C7 

1 

3 



PP 




LSNQ 

C5 

1 

3 

BZ 

ADR8 

32 

2 

2 








PP 




LSNZ 

C6 

1 

3 

B1 

ADR8 . 

34 

2 

2 


LSQ 

CD 

1 

3 



PP 




LSKP 

C8 

1 

3 

B2 

ADR8 

35 

2 

2 


LSZ 

CF 

1. 

3 



PP 




MARK 

79 


2 

B3 

ADR8 

36 

2 

2 


NBR 

38 

2 

2 



PP 




NLBR 

C8 

3 

3 

B4 

ADR8 

37 

2 

2 


NOP 

C4 

1 

3 



PP 




OR 

FI 

1 

2 

DEC 

N 

OOlOaaaa 

1 

2 


ORI DATA8 

F9 

2 

2 

DlS 


71 

1 

2 



XX 



GHI 

N 

lOOIaaaa 

1 

2 


OUT P 

OllOObbb 

1 

2 

GLO 

N 

lOOOaaaa - 


2 


PHI N 

101 laaaa 

1 

2 

IDL 


00 


2 


PLO N 

lOIOaaaa 

1 

2 

INC 

N 

OOOIaaaa 


2 


REQ 

7B 

1 

2 

INP 

P 

OllOIbbb 


2 


RET 

70 

1 

2 

IRX 


60 


2 


SAV 

78 

1 

2 

LBDF 

ADR 16 

C3 

3 

3 


SEQ 

7A 

1 

2 



PP 




SEP N 

1 lOlaaaa 

1 

2 



QQ 




SEX N 

1 1 lOaaaa 

1 

2 
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Table 12-2. COSMAC Instruction Set Object Codes (Continued) 


INSTRUCTION 

OBJECT CODE 

BYTES 

MACHINE 

CYCLES 


INSTRUCTION 

OBJECT CODE 

BYTES 

MACHINE 

CYCLES 

SD 

F5 




SM 

F7 

1 

2 

SDB 

75 




SMB 

77 

1 

2 

SDBI DATA8 

7D 




SMBI DATA8 

7F 

2 

, ' 2 


XX 





XX 



SDI DATA8 

FD 




SMI 

FF 

.2 , 

2 


XX 





XX 



SHL 

FE 




STR N 

OlOlaaaa 

' 1 

2 

SHLC 

7E 




STXD 

73 

A 

,,, 2 

SHR 

F6 




XOR 

F3 

1 

■2 

SHRC 

76 




XRI DATA8 

FB 

2 

' 2 

SKP 

38 

HH 




XX 




USING COSMAC WITH OTHER MICROPROCESSOR SUPPORT DEVICES 

Using the COSMAC microprocessor with other microprocessor support devices will rarely makd econom- 
ic sense. We are therefore not going to describe how other microprocessor system busses can be gener- 
ated from the COSMAC System Bus. 

The principal advantage of COSMAC is its CMOS technology. The architecture, instruction set, and signal tim- 
ing of COSMAC are not in themselves attractive enough to warrant selecting this CPU, as compared to many 
other popular 8-bit microprocessors described in this book. Thus, the principal reason for describing bus-to-bus 
conversion logic does not exist in this case. If you are going to use 8080A or 6800 support devices in your 
microcomputer application, you will almost certainly want to use the 8080A or 6800 CPU in preference to COS- 
MAC. 

The one other CMOS microprocessor described in this book, the IM61 00, has support devices which are very de- 
pendent on the peculiarities of the IM6100; therefore, they are not useful in a COSMAC microcomputer system. 



Ydd 

SR/SR 

DI7 

D07 

DI6 

D06 

DI5 

D05 

DI4 

D04 

CLEAR 

CS2 


Pin Name 

Description 

Type 

DIO - DI7 

, Data Input 

Input or high impedance 

DOO - D07 

Data Output 

Output or high impedance 

MODE 

Input or Output mode select 

Input 

CS1, CS2 

Device Select 

Input 

CLK 

External logic data input strobe 

Input 

SR/SR 

Service Request 

Output 

CLEAR 

Master Reset 

Input 

Vdd- Vss 

Power, Ground 



Figure 12-10. CDP1852 I/O Port Pins and Signals 
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THE CDP1852 PARALLEL I/O PORT 

The CDP1852 parallel I/O port provides a COSMAC microcomputer system with bidirectional parallel I/O 
logic. Although we classify the device as bidirectional, it must be operated in input mode or output mode 
at any given time. 

Figure 12-1 illustrates that part of our general microcomputer functional logic which is implemented by 
the CDP1852 device. 

The CDP1852 is fabricated using CMOS technology: it is packaged as a 24-pin DIP. 

There are two versions of the CDP1852 I/O port, differentiated by their power supplies. The CDP1852D 
wili operate with power supplies ranging between +3 and +12 volts. The CDP1852CD requires a power 
supply ranging between +4 and +6 volts. 

CDP1852 PINS AND SIGNALS 

CDP1852 I/O port pins and signals are illustrated in Figure 12-10. 

There are two Data Busses. Data is input to the CDP1852 device via DiO-DI7; data output occurs at DOO- 
D07. If the CDP1852 device is operating in input mode, then DO0-DO7 will be connected to the CPU Data Bus 
(BUS0-BUS7). If the CDP1852 device is operating in output mode, then DI0-DI7 will be connected to the CPU 
Data Bus (BUS0-BUS7). 

The mode of the CDP1 852 device is determined by the MODE input. If MODE is low, then the CDP1852 
device is operating in input mode. In this mode, data will be transferred from external logic to the CDP1852 
device via the DI0-DI7 signals; this data will be read by the CPU via the DO0-DO7 signals. When MODE is high, 
the CDP1852 device is operating in output mode. In output mode data will flow from the CPU to the CDP1852 
© device via the DI0-DI7 signals, while external logic will read this data via the DO0-DO7 signals. 

External logic strobes data into the CDP1852 device via a high-to-low transition of the CLK signal in in- 
put mode. CLK high is a prerequisite for data input when the CDP1 852 device is operated in output mode. 

CS1 and CS2 are select signals used by the CPU to access a CDP1852 device. CS1 is high true in input 
mode and low true in output mode. CS2 is always high true. 

SR/SR is a handshaking control signal; in input mode 5^ is used by the CPU, while in output mode SR is used 
by external logic. 

CLEAR is a master reset input. When input low, it resets all data bits within the CDP1852 to 0 and it outputs 
SR low. 

CDP1 852 OPERATIONS OVERVIEW 

The CDP1 852 I/O port can operate in input mode or output mode. Input mode is specified by a low MODE in- 
put and output is specified by a high MODE input. 

In input mode, external logic transmits data to the CDP1852 I/O port via DI0-DI7. External logic uses CLK to 
strobe data into the I/O port. Data is output via DO0-DO7, which holds valid data whenever CS1 and CS2 are 
both high. In the general case, input mode timing may be illustrated as follows: 
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SR is an acknowledge signal sent back to external logic. SR goes low as soon as external logic provides a high- 
to-low CLK transition. SR returns high as soon as the CDP1852 I/O port ceases to be selected via CS1 and CS2. 
Thus, external logic can look upon SR low as a “device busy" signal, and the low-to-high SR transition as an in- 
put acknowledge. 

When the CDP1852 I/O port is operated in output mode, the CPU Data Bus is connected to DI0-DI7. The 
combination of CS1 low, CS2 high, and CLK high latches data input into the CDPi852 I/O port. The output lines 
DO0-DO7 are always enabled; therefore, as soon as new data is latched into the I/O port, this data appears at 
the output pins. Timing may be illustrated as follows: 



SR Is pulsed high in output mode. SR goes high as soon as new data is strobed into the CDP1852 I/O port, and 
remains high until the next high-to-low CLK transition. External logic can use the SR high pulse as a data input 
strobe. 

if . • 

CDP1 852 INPUT OPERATIONS 

The GDP1852 can be operated as an input port using programmed input or DMA input. We will first ex- 
arriine programmed input. 

Figure 12-11 iliustrates the CDP1852 I/O port operating in input mode with programmed input. Before 
examining this figure, you should be familiar with Figure 12-8 and its associated text. 

The logic in F igure 12-1 T assumes that external logic uses the eight data input lines DI0-DI7 and two control 
lines CLK and SR. 

When external logic has new data available, it will place the data on DI0-DI7 and pulse CLK high. This latches 
the data into the CDP1852 I/O port and simultaneously setsSR low. External logic will not attempt to input more 
data until SR is no longer low. 

Since the SR signal is connected to one of the flag inputs EF1-EF4 of the CPU, program logic can monitor the SR 
signal by testing the proper status flag. When an input instruction is executed by the COSMAC CPU, the 
CDP1852 I/O port will respond by gating data onto the CPU Da ta Bus. This gating is controlled by the two c hip 
select inputs CS1 and CS2. The CPU reads this data on the low MWR strobe. External logic can use the low SR 
pulse as its acknowledge and "device busy" signal; SR is pulsed low from the time that the external logic data is 
strobed into the CDP1 852 I/O port until the time that this I/O port ceases to be selected after being selected for 
an input operation. Thus, when SR goes high again, external logic knows that its data has been input to the 
CPU. 
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Figure 12-11. CDP1852 I/O Port in Input Mode with Programmed Input 
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CDP1852 input mode with DMA operation is illustrated in Figure 12-12. This figure is a variation of the 
DMA-IN machine cycle timing illustrated in Figure 12-6. You should be familiar with Figure 12-6 before 
looking at Figure 12-12 and ihe text below. 



Figure 12-12. CDP1852 I/O Port in Input Mode with DMA Input 
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External logic initiates a data input operation by placing data at the DI0-DI7 pins of the CDP1 852 device and ap- 
plying the CLK strobe. On the trailing edge of the CLK strobe, data is latched into the CDP1852 I/O port and"^ 
is output low. 

The DMA-IN signal is input low when"^ goes low. B ut we on ly want one DMA-IM machine cycle to occur at a 
time. If you examine Figure 1 2-3, you will see that the DMA-IN signal is sampled at the end of th e T6 clock pulse 
in all non-instruction fetch machin e cycles. In addition, we now want to suppress DMA-IN during a DMA 
machine cycle. We therefore create DMA-IN as the NAND of SR and SCO. SCO will be low only for instruction 
fetch and DMA machine cycles. Since DMA is not sampled during instruction fetch, the net effect of our logic is 
to disable DMA-IN during a DMA machine cycle. Thus, in Figure 12-12, DMA-IN will be sampled low at the end 
of T6. which means that t he next m achine cycle becomes a DMA-IN machine cycle. During this machine cycle 
SR remains low; however, DMA-IN goes high shortly after SCO goes low. . . 

We use SCO and SCI to create the CDP1852 select inputs. SCI is tied directly toCS2, while CSO is inverted and 
then becomes SCI. Therefore, shortly after the beginning of the DMA-IN machine cycle, the data that was input 
via DI0-DI7 appears at DO0-DO7, which are connected to the CO SMAC Data Bus (BUS0-BUS7). Data remains 
stable on the bus for almost the entire DMA-IN machine cycle. The MWR low pulse, when it appears, strobes the 
data from the Data Bus into the memory location addressed by Register RO. 

External logic can use SR as its handshaking signal. When SR goes low, external logic knows that the CPU has 
been informed of data present at the CDP1852 I/O port. When’^goes high again, external logic knows that the 
DMA-IN machine cycle is complete: therefore, external logic is free to input the next byte of data. 

CDP1852 OUTPUT OPERATIONS 

Now consider a CDP1852 device operating in output mode. 

There are two ways in which it would make sense to operate the CDP1852 device in output mode: the 
CPU could initiate the operation by executing a n output instruction, or external logic could initiate the 
operation by applying a low signal at DMA-OUT. Figure 12-13 provides timing and signal connections for 
the CPU initiating the output operation with an output instruction^ Figure 12-14 provides tim ing and sig- 
nal connections for external logic initiating the output operation by applying a low signal at DMA-OUT. 
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Figure 12-13. CDP1852 I/O Port in Output Mode with Programmed Output 


First consider the CDP1852 i/0 port operating in output mode with programmed output, as iiiustrated in 
Figure 1 2-13. Before iooking at this figure in detaii, you should be familiar with Figure 1 2-9 and its associ- 
ated text. 

When a CDP1852 I/O port is being operated in output mode, the output lines DO0-DO7 are always active, out- 
putting the contents 

When a CDP1852 I/O port is being operated in output mode, the output lines DO0-DO7 are always active, out- 
putting the contents of the I/O port. Data input via DI0-DI7 is latched into the I/O port by the combination of 
CLK high, CS2 high, and CS1 loyv. In Figure 1 2-13 we connect CLK to TPB; this becomes the actual data strobe. 
This data strobe is conditioned by CS2 being high and CS1 being low. CS1 is tied to the memory read control 
signal MRD, which must be low during an output operation. CS2 is connected to the I/O select lines NO, N1, and 
N2, thus creating the required device select when more than one CDP1852 I/O port is present. As soon as the 
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data input is strobed into the CDP1852 I/O port, it is output via DO0-DO7, and the service request signal SR 
goes high. SR is held high until the falling edge of TPB during the next machine cycle, which will be an instruc- 
tion fetch. The fact that the next machine cycle is an instruction fetch is not relevant to external logic, which 
simply knows that it is going to receive a signal pulsed high for one machine cycle to identify the presence of 
new output data. 

There are certain frequencies of operation where TPB is not pulsed high while the CPU is outputting stable data 
on the Data Bus. Under these circumstances, you will have to use some alternative logic to generate CLK. 


Figure 12-14 illustrates CDP1852 output mode operation using the CPU direct memory access logic. 
Before looking at this figure, you should be familiar with Figure 12-7 and associated discussion. 



Figure 12-14. CDP1B52 I/O Port in Output Mode with DMA Output 
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External logic initiates the data output in Figure 12-14 by inputting a low signal via bMA-OUT. This signal must 
be low at the end of T6 in a non-instruction fetch machine cycle. The DMA-OUT machine cycle is identified by 
SCO high and SCI low; this combination is sen t back to ex ternal logic a s a DMA ac knowledge. External logic 
must use this DMA acknowledge in order to set DMA-OUT high again. If DMA-OUT remains low for the DMA- 
OUT machine cycle, then a number of DMA-OUT machine cycles will be executed. 

During the DMA-OUT machine cycle, valid data is output from the memor y locat ion addressed by RO. The pre- 
sence of valid data on the Data Bus is identified by the TPB high pulse with MRD low. The CPU Data Bus is con- 
nected to the CDP1852 DI0-DI7 input lines. This data input is clocked into the CDP 1852 device by CLK high, 
CS2 h igh, and CS1 low. In order to achieve these conditions, we once again connect CLK to TPB and CS1 to 
MRD. CS2, which was generated from NO, N1, and N2 in Figure 12-13, is now generated from SCO and SCI. 
When these two signals identify a DMA machine cycle, CS2 is true. CS2 also becomes the DMA acknowledge 
signal which is sent back to external logic. 

As soon as CLK is high, SCO is high, and SCI is low, data input via DI0-DI7 is strobed into the CDP1852 I/O port. 
This data immediately appears at DO0-DO7, and SR is output high. As illustrated in Figure 12-13, SR will remain 
high until the next high-to-low transition of CLK — which will occur at the end of the next machirie cycle. 

As seen by external logic, the output operation illustrated in Figure 1 2-14 begin s when external logic inputs 
DMA-OUT low. Upon receiving DMACK high, external logic must set DMA-OUT high again. When SR subse- 
quently is output high, external logic knows that new data has been output and must be read. 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 


• COSMAC CDP1802 

• COSMAC CDP1852 
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CDP1802 



RECOMMENDED OPERATING CONDITIONS 


CHARACTERISTIC 


Supply-Voltage Range 


Input Voltage Range 


Maxintum Clock Input Rise or 
Fall Time, t^ or tf 


CONDITIONS 


Vdd 

<V) 


LIMITS AT 25 C 


CDP1802D 


4 to 12 



Maximum DMA Transfer Rate 


Maximum Ciock Input Frequency, 
fn 3 


4-12 

4-12 

5 

5 

5 

10 

10 

10 

5 

5 

5 

10 

10 

10 

5 

5 

5 

10 

10 

10 



2.5 


400 


500 


800 


DC - 3.2 


DC -4 


DC - 6.4 


NOTES: 

1- Vcc < VpD:forCDP1802CD V^p = Vpp = 5 volts. 

2. Equals 2 machine cycies— one Fetch and one Execute operation for ali instructions except Long Branch and Long Skip, 
which require 3 machine cycles— one Fetch and two Execute operations. 

3. Load Capacitance (C^) ° 50 pF. 




AMBIENT TEMPERATURE (Ta)-25*C- 



29 3 9 49 99 69 79 89 99 109 119 129 

♦ AMBIENT TEMPERATURE (Ta)— *0 

SPEC. " 

VALUE 
AT 90 pF 
CDP 1802 

Typical maximum dock frequency as a function 
of temperature. 


notes; 

1DLE-“00*ATM{0000) 
BRANCH • ‘ 3707 AT M (8107) 
Cl* 90 pF 


I 2 468 ' 2 4681 2 

0.01 0.1 I 

CLOCK INPUT FREQUENCY ( fci)-MHl 

CDP 1802 

Typical power dissipation as a function of dock 
frequency for BRANCH Instruction and IDLE 
Instruction for CDP1802D. 


Data sheets on pages 12-D2 through 12-D5 reprinted by permission of RCA Corporation. 


12-D2 
























































ADAM OSBORNE & ASSOCIATES. INCORPORATED 


CDP 1802 


ELECTRICAL CHARACTERISliCS 
Static 



CONDITIONS 

LIMITS AT INDICATED TEMPERATURES {OC) 

UNITS 

CHARACTER- 

ISTIC 

Vo 

(V) 

V|N 

(V) 

Vcc. 

Vdd 

(V) 

VALUES 

+25 

-55 

-40 

-HSS 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, II Max. 

COP18020 

- 

-■ 

5 

- 

- 

- 

- 

- 

1 

100 

mA 

- 

- 

10 

- 

- ■ 

- 

- 

- 

10 

500 

- ■ 

- 

15 

- 

- 

- 

- 

' 

- 

1000 

CDP1802CD 

- 

- 

5 

■ - 


- 

- 

- 

- 

500 

Output Low Drive 
(Sink) Current, 

Iql Min. 

(Except XTAL) 



5 

1.98 

1£9 

i;i4 

0.90 

1.5 

2.2 

- 

mA 


0,10 

10 

3.70 

3.53 

2J3 

1.68 

2.8 

. 5.2 

- 

XTAL Output 
.Iql Min. 

D 

5 

5 

132 

126 

76 , 

60 

100 

- 

- 

ma 

Output High Drive 
(Source Current) 

Iqh Min^ 

(Except XTAL) 

mm 


5 

-0.46 

’-0.44 

-0.27 

-0.21 

-0.35 

-0.51 

- 

mA 

9.5 

0,10 

10 

-1.12 

-1.07 

-0.65 

-0.51 

-0.85 

-1.3 

■ 

XTAL Output 

Iqh Min. 

m 

D 

5 

66 

63 

38 

30 

-50 

B 


pA 

Output Voitage 
Low-Level 

Vql Max. 

- 


5 

0.00 


0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

Output Voltage 
High Level, 

VoH Min. 

- 

1^9 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

Input Low 

Voltage 

V|L Max. 


- 

5 

1.5 

- 

- 

1.5 

V 


- 

5,10 

1 

- 

- , 

1 

1,9 

- 

10 

3 

- 

■- 

3 

Input High 

Voltage 

V|L Max. 


- 

5 

3.5 

3.5 

- 

- 


- 

5,10 

4 

4 

- 

• 

1,9 

- 

10 

7 

7 



- 
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CDP 1802 


CDP1802 

,„ ! ■ M/Hl 1 1 ■ i I 1 1 


Diagram 


I i!~ 

Mil 


! I M 

"I I I 

|jPLH_/ L*PHlL\ 


memory L*PLH.<PHlV hIGH order * PI.H.tpHUV I LOW ORDER 
ADDRESS "////// /^ADDRESS BYTE p | ADDRESS BY1 

I I I I ' j 

M^ IJPuV S I I 

(MEMORY _IJ r i 

READ CYCLE) I j , 

MWR I I . 

(MEMORY I 11 

WRITE CYCLE) I i 


DATA FROM 
CPU TO BUS 


STATE 

CODES tPHi' 


NO.NI.NZ 

(I/O 

EXECUTION 

CYCLE) 


DATA FROM 
BUS TO CPU 


! ll N/ 




DATA 

I nLATCHEDINCPU 

DMA I SAMPLED (SI,S2,S3) 


INTERRUPT 

REQUEST 


I FLAG LINES ' 
SAMPLED (IN SI) 


INTERRUPT \ *SU I *H 
sampled (SI,S2) T 




NOTES: 

I. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE 


3. SHADED AREAS INDICATE “DON'T CARE" OR UNDEFINED STATE; 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 


CDP1802 INSTRUCTION EXECUTION TIMES 

1-Byte instructions require 2 Machine Cycles: 1 Fetch, 
1 Execute. 


INSTRUCTION SIZE 

Bytes of 

Op. Code 

Bytes of Address 
or Data 

Total Bytes 
of Memory 


2- Byte instructions also require 2 Machine Cycles: I Fetch, 

1 Execute. 

3- Byte instructions require 3 Machine Cycles: 1 Fetch, 

2 Executes. 


% OF TOTAL 
REPERTOIRE 



Average Instruction 
Execution Time 


INSTRUCTION TIME @f = 

6.4 MHz 

3.2 MHz 

2 MHz 

2.5 ms 

5 MS 

8 ms 

3.75 MS 

7.5 MS 

12.1 MS 

2.6 ms 

5.2 MS 

8.3 MS 
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CDP 1852 


8-Bit Byte I/O Port 
CDP1852 


N-Bit Decoder 
CDP1853 



I 8-bit data latch 
I Directly interfaces 
with CDP1802 
I Industry standard 
24-pin packages 
I 3-state outputs 


POLARITY DEPENDS ON MODE 

■ Clear input 

■ Designed for use in 
8-bit microprocessor 
systems 

■ Fully static 

■ Mode selectable 



Allows easy expansion 
of I/O systems 
Buffered inputs and 
outputs 

Functions at full 
microprocessor speed 


I Ties directly to “N” 
lines On CDP1802 
I Strobed outputs for 
spike-free decoding 
I Low power dissipation 
I Provides control of lip 
to 14 I/O devices 


RECOMMENDED OPERATING CONDITIONS 


CHARACTERISTIC 


Supply-Voltage Range 


Input Voltage Range 


CONDITIONS 


VOD 

(V) 


LIMITS 

Non-“C 

" Types 

"C" Types 

Min. 

Max. 

Min. 

Max. 

4 

12 

4 

6 

Vss 

Vdd 

Vss 

Vdd 


ELECTRICAL CHARACTERISTICS 


TEST 

CONDITIONS 


CHARACTERISTIC 



TYPiCAL VALUES AT Ta » 2 

>5“C 


Vdd 

CDP- 

CDP- 

CDP- 

CDP- 

UNITS 

(V) 

1852D 

1852CD 

1853D 

1853CD 



Quiescent Device Current, 
■ l Max. 


Output Low (Sink) 
Current, Iql Min. 


Output High (Source) 
Current, Iqh Min. 


Dynamic: t,., tf>10 ns, Ci,"100 pF 


Propagation Delay Time: 
Output from CS, tcA 


Data to Output, tQp 


CE to Output, tgoH> 
tEOL 


N to Outputs, tNOH, 
tNOL 
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Chapter 13 

IM61 00 MICROCOMPUTER DEVICES 

The IM6100 is an almost exact reproduction of the PDP-8E minicomputer. The IM6100 has the same instruction 
set as the PDP-8E; however, there are differences in direct memory access logic. Also, the IM6100 cannot use the 
PDP-8E extended arithmetic element or user flag options. 

Rather than concentrating on differences between the IM6100 and the PDP-8E, we will in this chapter relate the 
IM6100 to other microprocessors described in this book. This reflects the fact that minicomputer concepts are simply 
not viable in the microcomputer world. The PDP-8E was developed at a time when Central Processing Units were very 
expensive and it was reasonable to demand that controllers surrounding the Central Processing Unit contain a lot of in- 
ternal intelligence. This intelligence, in turn, demanded complex System Bus signals that identified the state of the 
CPU as it progressed through an instruction's execution. Microcomputers are inexpensive, and their low cost is defe- 
ated if they have to be surrounded by expensive device controllers. Therefore, it will be more valuable in this chapter to 
show how the IM61 00 can be used in a microcomputer system with a simple bus and standard microcomputer support 
devices, rather than comparing it with the PDP-8E minicomputer. 

The PDP-8 is a 12-bit minicomputer, therefore the IM6100 is a 12-bit microcomputer. 

The very existence of the 1M6100 is testimony to one of the less well understood aspects of minicomputers versus 
microcomputers: people tend to place too much emphasis on "creeping featurism". The majority of applications that 
are going to use a microcomputer could be implemented with almost any microcomputer described iri this book. The 
economics of exact chip counts and product development expense is worth exploring, but in most cases detailed com- 
parative evaluations of instruction sets and addressing modes are a waste of time and money; enhancement of one pro- 
duct as compared to another will rdrely have any significant economic impact. This is true of microcomputers today, 
and it was also true of minicomputers yesterday. The PDP-8 was the first popular minicomputer. Compared to nearly 
any other minicomputer on the rnarket today, the PDP-8 is a very primitive device. Yet there are more PDP-8s in the 
world than any other minicomputer. Despitp the large number of new, more powerful minicomputers that are available, 
the PDP-8 continues, from year to year, to rapk among the leaders in minicomputer sales volume. 

It is this popularity of the PDP-8, for all its shortcomings as a minicomputer, that has given birth to the IM6100. Many 
design features of the IM6100 are dubious, when looked upon from the microcomputer user's point of view. It is safe to 
say that no microcomputer designer would have seen fit to develop a product even remotely like the IM6100, but for 
the predecessor PDP-8. The IM6100 exists to participate in the continuing sales volume of PDP-8, and' to take advan- 
tage of the huge library of PDP-8 software which is available — much of it at no cost. 

You must look at the 1M6100 (and the microNOVA) from a totally different perspective, as compared to any other 
microcomputer described in this book; do not look for justification of IM6100 design features in terms of a microcom- 
puter application's needs; rather, accept the IM6100 for what it is — a very jow-cost reproduction of something which 
already exists; a product whose existence is justified by a large established product market and a prior base of existing 
software. 

In addition to the IM6100 CPU, we are going to describe the iM6101 Parallel Interface Element and the IM6102 
MEDIC multifunction support device. The IM6402 UART is also available; it is described in Volume 3. 

All IM6100 microcornputer devices use a single power supply which may range between -I-4V and -Hi IV. 

Using a 250 nanosecond clock input. Instruction execution times range from 5 to 1 1 microseconds. 

All IM6100 microcomputer devices use CMOS technology, which means that they are highly immune to noise in the 
power supply and they consume very little power. Recall that COSMAC is the only other microprocessor described in 
this book that offers CMOS technology. 

The principal manufacturer of the IM6100 is: The second source is: 

INTERSIL. INC. HARRIS SEMICONDUCTOR DIVISION 

10900 North Tantau Avenue P.O. Box 883 

Cupertino, CA 95014 Melbourne, FLA 32901 
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THE IM6100 CPU 

Functions implemented on the IM6100 CPU are illustrated in Figure 13-1. IM6101 Parallel Interface Element 
logic is also shown. 



Bus interface logic is shown as implemented by the IM6101 . This is because the bus control signals input to and output 
by the CPU do not conform with the standard PDP-8 bus, or with typical microcomputer busses. You are going to need 
additional logic either to create a PDP-8 bus equivalent, or to reduce IM6100 control signals to manageable microcom- 
puter bus proportions. The IM6101 creates a microcomputer type of System Bus. 

Direct memory access control logic is shown as absent. The CPU has logic which will respond to a DMA request by 
floating the System Bus; however, the actual DMA transfer, including creation of memory addresses, is the respon- 
sibility of external logic. 

Observe that clock logic is provided on the CPU chip. 
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IM6100 PROGRAMMABLE REGISTERS 

The IM6100 has just three programmable registers as we define them: an Accumulator, a Program Counter and 
the MQ register. All three registers are twelve bits wide. 

The Accumulator is a typical primary Accumulator. With a single exception, it is the only source or destination with- 
in the CPU for data being operated on. 

The MQ register is a simple buffer for the Accumulator. The only operation you can perform on the MQ register con- 
tents is to OR them with the Accumulator contents; the result is returned to the Accumulator. You may also exchange 
the contents of the Accumulator and the MQ register. 

The Program Counter, being 12 bits wide, limits the IM6100 to an address ^pace of 4096 memory words. The 

IM6102 allows this address space to be expanded to 32,768 memory words. 

Intersil literature describes additional registers, but these are not programmable registers as we define them. 

The IM6100 has no Data Counter. There is a Memory Address register within the CPU, but you have no direct access to 
this register. It is a simple depository for addresses which are automatically computed by CPU logic during the execu- 
tion of memory reference instructions. 

IM6100 MEMORY SPACE 

Memory addressing modes that we are about to describe apply to a single 4096-word memory bank. If you have more 
than one such memory bank, then each one must be considered as a separate and distinct entity. This is important, 
because the nature of the IM6100 demands that if program memory is in ROM, then both ROM and RAM must be pre- 
sent in external memory. Thus, if you have more than one bank, each memory bank must include ROM and RAM. 

IM6100 MEMORY ADDRESSING MODES 

IM6100 memory reference instructions use absolute, paged, direct addressing and indirect addressing. 

All IM6100 instruction object codes occupy a single 12-bit word. There are no two-word or three-word object codes. All 
memory reference instructions have the following object code format: 

11 10 98 7654321 No. 

Memory reference instruction object code 


Address 

1 = Address current page 

0 = Address Page 0 

1 = Indirect address 
0 = Direct address 
Instruction operation code 



A memory reference instruction that uses direct addressing has seven address bits; thus memory is divided into 
128-word pages. The memory page bit gives you the option of directly addressing a memory word on Page 0, or 
within the instruction's page: 



I 

} 

! 


Page 0 
(Base Page) 


Page N 


PageN + 1 
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This is standard, absolute paged direct addressing, as described in Volume 1, Chapter 6. 

A memory reference instruction with indirect addressing simply takes the 12'bit word accessed by the direct memory 
address and interprets this 12-bit word's contents as the effective memory address. This is standard indirect address- 
ing. In the case of the IM6100, a memory reference instructjon can access an indirect memory address either on 
the base page or on the instruction's current page. 

You can use indirect addressing to create the equivalent of a two-word, nonpaged direct addressing Jump in- 
struction. 

To do this, store the 1 2-bit absolute direct address directly following the Jump Indirect instruction. This may be illustr- 
ated as follows: 


ADDR 



JMP I + 1 
ADDR 


Jump occurs to this memory word 
which rnay be anywhere within 
4096-word memory 


You cannot use this technique with any memory reference instruction other than a Jump. That is because any other in- 
struction would leave the Program Counter pointing to the indirect address as the next object code to be executed. 

For memory reference instructions other than a Jump, reserve a few memory words at the end of the current page to 
store indirect addresses. This may be illustrated as follows; ' ' 


Arbitrary 

Memory 

Address 



TAD I 7D Access memory location ADDR1 


JMP I + 1 Jump indirect via next word, i.e., to New Page 


Store addresses at end of page 


The IMGIOO also has auto-indexed indirect addressing. If you store an indirect address in any one of the eight 
memory words with addresses 008] 0 through OOF-|0 then, when the IM6100 CPU fetches this address, it will also in- 
crement and return it. 

For example, you can store the beginning address of a table in memory location 008i 0. You can subsequently read se- 
quential table words by indirectly accessing the table. The IM6100 benchmark program illustrates this use of auto-in- 
dexing. 

It is just as well that the IM6100 has indirect addressing with auto-increment, because it has no Data Counter or im- 
plied memory addressing. Volume 1, Chapter 6 discusses the problems that result from using direct addressing to ac- 
cess sequential memory locations when programs are stored in read-only memory. 

Note that the IMGIOO makes no distinction between program and data memory. Thus Jump instructions use ex- 
actly. the same memory addressirig options as memory read or write instructions. The concept of separate program and 


13-4 




ADAM OSBORNE & ASSOCIATES, INCORPORATED 


data memory is a microcomputer phenomenon, because it was only with the advent of the microcomputer that pro- 
grams started to be stored in read-only memory. Minicomputers use read/write memory for programs and data — and 
frequently a minicomputer will make no clear separation between the memory spaces that will be assigned to programs 
as against data. 

The way in which the IM6100 handles subroutine calls represents an excellent illustration of the fact that 
minicomputer concepts can run into trouble in the world of microcomputers. 

When a JMS instruction is executed, the return address is stored in the first word of the 
subroutine's object code. 

The scheme certainly made sense to the PDP-8 designers; they visualized memory as a general 
read/write depository for programs and data. This scheme is nonviable when programs are stored 
in read-only memory, since you cannot write a return address in read-only memory. In order to use 
subroutines with an IM6100, you must origin all subroutines in read/write memory, then jump to a program sequence 
stored in read-only memory. This may be illustrated as follows: 

/BASE PAGE STARTS HERE 


SUBA 0 

.-PI 


/SUBROUTINE ORIGIN IN ROM 


SUBA /LAST INSTRUCTION OF SUBROUTINE IN ROM 
WHICH CALLS SUBROUTINE SUBA 


SUBA /SUBROUTINE CALL 
DATA /EVENTUAL SUBROUTINE RETURN 

Let us examine the path of instruction execution illustrated above. 

Begin by looking at the JMS SUBA instruction in the main program which calls subroutine SUBA. SUBA is a label repre- 
senting a location in the base page of memory. When the JMS SUBA instruction is executed, the address of the next in- 
struction, arbitrarily illustrated above as a DCA instruction, will be stored in the memory word with label SUBA. The 
first instruction executed following the Jump-to-Subroutine is the instruction stored in the memory location following 
SUBA: this is the JMP I •■fl instruction. This instruction jumps indirect via the address stored in the next memory loca- 
tion; we represent this memory location's contents with PPQ. PPQ is the address of the first instruction to be executed 
within the subroutine. This instruction, and all subsequent subroutine instructions are stored in read-only memory. The 
last instruction executed by the subroutine in read-only memory is the JMP I SUBA instruction. This instruction per- 


JMP I 
PPQ 


•PPQ 


JMP I 

/MAIN PROGRAM 


JMS 

DCA 


/FIRST WORD OF SUBROUTINE SUBA 

/JUMP INDIRECT TO SUBROUTINE IN ROM 

/PPQ REPRESENTS THE STARTING ADDRESS IN ROM 


IM6100 
SUBROUTINES 
IN READ-ONLY 
MEMORY 
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forms an indirect jump via the address stored at SUBA. This is the address of the DCA DATA instruction. This execution 
sequence may be illustrated as follows: 

/BASE PAGE STARTS HERE 


■StIBAr— 0- 

-JMP 

— PPQ 




iPPQ 


/FIRST WORD OF SUBROUTINE SUBA 

/JUMP INDIRECT TO SUBROUTINE IN ROM 

/PPO REPRESENTS THE STARTING ADDRESS IN ROM 


/SUBROUTINE ORIGIN IN ROM 


JMP I ^SOBA /last instruction of SUBROUTINE IN ROM 

/MAIN PROGRAM WHICH CALLS SUBROUTINE SUBA 


-JMS 

-DCA 


SUBA 

DATA 


/SUBROUTINE CALL 
/EVENTUAL SUBROUTINE RETURN 


Handling subroutine calis through RAM has some non-obvious repercussions. 

First of all, at least the first page of every 4096-word memory bank must be read/write memory; this is due to the way 
the IM6100 handles interrupts, which we will discuss later. In all probability, there will be more than one page of 
read/write memory. 

Next, if you are going to initiate subroutines in Page 0 RAM, then when you power up the system, you must load this 
RAM from ROM. This is because RAM will lose its contents when powered down. Thus, every restart or reset procedure 
must include the execution of an instruction sequence which moves a block of data from ROM to Page 0 RAM. 

Possibly the most serious problem associated with calling subroutines through Page 0 RAM is the fact that, apart from 
interrupt handling, existing PDP-8 software does not do that. Thus, if you are going to implement programs in read- 
only memory, the existing PDP-8 software base is not available to you — and that is one of the principal reasons for the 
IM6100's existence. Converting existing PDP-8 programs, so that subroutines are called-through Page 0 RAM, is not a 
simple task. If you look again at the discussion of direct, paged addressing given in Volume 1, Chapter 6, you will see 
that there are very significant problems associated with memory mapping. Programs cannot lie across page bound- 
aries: therefore, the addition of a few instructions to any one program can have serious consequences. In some cases it 
may be possible to generate special assemblers and compilers that convert existing source programs into object pro- 
grams which partition memory into ROM for programs and RAM for data, allowing subroutines to be called via the base 
page — but that assumes the base page has free space available for this purpose. 

There is a hardware solution to the IM6100 Jump-to-Subroutine probiem. This solution uses an external 
read/write memory Stack to store subroutine return addresses in the manner of a conventional stack. Necessary logic 
and minor programming ramifications are described later in this chapter. 

IM6100 STATUS FLAGS 

The IM6100 has a single Carry status; it is called the Link or L status in PDP-8 and IM6100 iiterature. 

IM6100 CPU PINS AND SIGNALS 

iMGlOO CPU pins and signals are illustrated in Figure 13-2. Once again, the minicomputer ancestry of the IM6100 
is evident from the complex control signals input and output by the CPU. Minicomputer designers favor a rich variety of 
control signals on a System Bus because that makes the job of designing peripheral device controllers easier. 
Microcomputers rely on low-cost support devices, and complex System Busses simply increase the complexity and 
cost of surrounding the CPU with support logic. After reading this summary of IM6100 pins and signals, compare it to 
the8080A described in Chapter 4; then compare it with the MCS6500 described in Chapter 10. The MCS6500 repre- 
sents the ultimate in simplicity. 
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DATAF 

INTGN T 

CPSEL 

MEMSEL 

IFETCH 

SKP 

C1 

SWSEL 

DEVSEL 

LINK 

DX11 (DXO) 
DXIO(DXI) 
GND 

DX9 (DX2) 
DX8 (DX3) 
DX7 (DX4) 
DX6 (DX5) 
DX5 (DX6) 


Pin Name 

Description 

Type 

DXO - DX11 

Data and Address Bus 

Bidirectional 

OSC OUT 

Crystal or external clock 

Input 

OSC IN 

Crystal in or external clock ground 

Input 

XTA, XTB, XTC 

Machine cycle timing 

Output 

LXMAR 

External memory address strobe 

Output 

DEVSEL 

I/O device select strobe 

Output 

IFETCH 

Instruction Fetch machine cycle identifier 

Output 

MEMSEL 

Memory select strobe 

Output 

DATAF 

Execution phase of indirect addressing instruction 

Output 

LINK 

Unk status 

Output 

RUN/HLT 

Run/Halt control 

Input 

RUN 

CPU running status 

Output 

RESET 

Reset 

Input 

WAIT 

Wait state control 

Input 

CO, Cl, C2, SKP 

CPU control during I/O operation 

Input 

DMAREQ 

DMA request 

Input 

DMAGNT 

DMA grant 

Output 

INTREQ 

Interrupt request 

Input 

INTGNT 

Interrupt grant 

Output 

CPREQ 

Control panel interrupt request 

Input 

CPSEL 

Control panel memory select 

Output 

SWSEL 

Switch register select 

Output 

Vcc- GND ■ 

Power and Ground 



Figure 13-2. IM6100 CPU Signals and Pin Assignments 


The IM6100 has a single 12-bit multiplexed Data and Address Bus, represented by pins DXO - DX1 1. Memory 
and I/O interface logic must use appropriate control signals in order to demultiplex data and addresses off this single 
bus. ' ' 

Intersil literature numbers the bits of registers and memory words from left to right; that is to say, IM6100 BIT 
with the 0 bit representing the high-order bit. In this book we consistently number bits of registers NUMBERING 
and words from right to left; that is to say, with the low-order bit represented by the 0 bit. , 

Data/Address Bus lines are confusing when you compare the discussion in this chapter with Intersil literature. In Figure 
13-2, DXO - DX1 1 signals are identified first with labels that conform to Intersil literature; the bracketed labels that 
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follow show the signal name that agrees with bit numbering as used in this book. The two bit-numbering and signal- 
naming systems may be compared as follows: 



Line numbering in this book 



o <- 
X X 

o o 


♦ 

High 

order 

bit 


♦ 

Low 

order 

bit 


Data/Address Bus 


Intersil line numbering 


The remaining signals can be divided into timing, bus control, CPU control, DMA and interrupt control. 

Let us consider timing signals first. 

OSC IN and OSC OUT are clock signal pins. If you are using the internal clock logic, then a crystal must be connected 
across these two pins. If you are using an externally generated clock signal, then it must be input via OSC OUT — OSC 
IN must be grounded. 


XTA, XTB and XTC are three timing signals which are output for external logic to identify the state of an in- 
struction's execution. Timing and states are illustrated in Figure 13-3.. 



Let us now look at the signals output by the CPU to define events bn the System Bus. 

LXMAR is output as a high pulse which external logic can use to strobe an address off the Data/Address Bus. 

DEVSEL is output as a low pulse when information on the Address/Data Bus must be interpreted by I/O devices as 
device identification or I/O operation control. 

IFETCH is output high for the duration of an instruction fetch machine cycle. IFETCH may be used as a synchronization 
signal identifying the beginning of a new instruction cycle. 

MEMSEL is output as a low pulse during a memory reference operation. Memory interface logic determines whether a 
memory read or a memory write is in progress via the condition of the XTA, XTB and XTC signals. (Only XTB is really 
necessary for this purpose.) 
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DATAF is a signal output high during the execute phase of an instruction that uses indirect addressing. 

LINK is a signal output at all times to represent the level of the Link status. We include this signal among control out- 
puts because you can use it as a direct external logic control signal. By executing instructions to set or reset the Link 
status you can modify the level of this control signal on a real time basis. 

Let us now consider the control s|gna|s input by external logic to control CPU operations. 

RUN/HLT is a control input which allows external logic to halt the CPU. This signal is similar to the Halt input which 
some 8-bit microcomputers have, but its purpose in the IM6100 is to give control panel logic some means of executing 
program instructions one at a time. Tfiis helps in debugging. 

RUN is output high when the CPU is running; it is output low when the CPU has been halted. 

RESET is a typical reset input. When inppt low. it clears all CPU registers except the Program Counter, which is loaded 
with FFFi6- 

W AIT is used by slow external logic which needs to acquire more time to respond to a memory or I/O access. As long 
as WAIT is input low, the CPU will maintain register and signal levels, but not advance the state of an instruction's ex- 
ecution. 


CO, Cl , C2 and SKP are very unusual input control signals. During an I/O operation (that is, while an lOT instruction 
is being executed), external logic can use these four control signals in order to determine CPU operations. 

Control signals CO, Cl and C2 are interpreted by the CPU as follows; 


C2 

Cl 

CO 

L 

L 

X 

L 

H 

X 

H 

L 

L 

H 

L. 

H 

H 

H 

L 

H 

H 

H 


Transfer data from DXO - DX1 1 to Program Counter (execute an absolute jump) 
Add data on DXO - DX11 to Program Counter (execute a program relative jump) 
Load data from DXO - DX1 1 to Accumulator 
OR data from DXO - DX11 with Accumulator 

Transfer Accumulator contents to DXO - DX1 1, then clear Accumulator 
Transfer Accumulator contents to DXO - DX1 1 but do not clear Accumulator 


X represents "don't care"; CO may be low or high. 


If external logic inputs SKP low during an lOT instruction, then the CPU will skip the instruction which im- 
mediately follows the lOT. SKP logic is separate and distinct from CO, Cl and C2 logic. 

Two signals support DMA operation. External logic requests DMA access by inputting a low signal via DMAREQ. 

As soon as the current instruction has completed execution, the CPU responds by outputting DMAGNT high. At this 
point the Data/Address Bus is floated. External logic must provide all DMA transfer signals: the only thing the CPU 
does in response to a DMA re quest is flo at the Data/Address Bus for a single instruction cycle. The bus is floated for as 
long as DMAREQ is held low. DMAREQ and DMAGNT are rarely used. The IM6102 provides simultaneous DMA logic, 
which is preferred. 


Interrupt logic reflects the IM6100's minicomputer heritage. Normal interrupts are requested via INTREQ being in- 
put low. Upon acknowledging an interrupt, the CPU will output INTGN T high. Microcomputers are no different; 
but an IM61 00 control panel interrupt request has its own dedicated CPREQ signal. Microcomputers do not assume the 
possible presence of a control panel. 

Two additional control signals are provided to support the presence of a control panel. The IM6100 control panel will 
have its own memory in order to support logic required b y switches and indicators of the control panel. Following a 
control panel interrupt, CPSEL is output low instead of MEMSEL, so that programs can be executed out of con- 
trol panel memory, rather than out of main memory. 

There is also an instruc tion which reads the contents of control panel switches and QRs them with the contents of the 
Accumulator. SWSEL is output low in order to inform control panel logic that switch levels must be returned as 
data on the Data/Address Bus. 


IM6100 TIMING AND INSTRUCTION EXECUTION 


An IM6100 instruction's execution is timed by a sequence of machine cycles, each of which is subdivided into 
clock periods. A machine cycle may have five or six clock periods. Machine cycles and clock periods are identified by 
the CLOCK, XTA, XTB, and XTC signals, as illustrated in Figure 13-3. Note that each clock period consists of two ex- 
ternal clock cycles 

IM6100 machine cycles, like those of almost any other microcomputer, consist of memory or I/O read cycles. 
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memory or I/O write cycles and CPU operation cycles. Specific events occur only during specific clock periods 
of a machine cycle. 

A, memory or I/O device address is output during T1.. 

Data is input during T2. The I/O control input lines CO, Cl, C2 and SKP must be input during T2, 
with timing conforming to data input. 

Internal CPU operations occur during T3, T4 and T5. 

Data is output during T6. 

In order to best understand the nature of different IM6100 machine cycles, we will begin by looking at the basic 
data input, data output and no operation machine cycles. Then we will look at specific interpretations of these 
machine cycles for various types of instruction execution. 

IM61 00 NO OPERATION MACHINE CYCLE 

An IM6100 "no operation" machine cycle may have five or six clock periods. Only the XTA, XTB and XTC signals 
change levels during a no operation machine cycle, therefore Figure 1 3-3 (excluding the sixth clock period) illustrates 
a no operation machine cycle. 

IM6100 DATA INPUT MACHINE CYCLE 

Data input machine cycle timing is illustrated in Figure 13-4. Observe that there are four different sources for data 
being input to the CPU. The four different sources are identified by individual select lines. 

IM61 00 DATA OUTPUT MACHINE CYCLE 

Data output machine cycle timing is illustrated in Figure 13-5. Data output occurs during the T6 clock period of the 
machine cycle, and is identified by a low Select pulse; otherwise, timing is the same as illustrated in Figure 13-4. 



iM6100 

CLOCK 

PERIOD 

ASSIGNMENTS 
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IM61 00 ADDRESS DEMULTIPLEXING 

The minicomputer flavor of the IMQ100 can cause some initial confusion when you try to interface devices to its 
System Bus. Normally, if we encounter a multiplexed Data and Address Bus, we immediately demultiplex the 
bus to create separate Data anc^ Address Busses. Indeed, this is easy enough to do when yvorking with the 
IM6100, but it is not necessary. Providing the address stable time on the Data/Address Bus'is satisfactory, memory 
and I/O devices can simultaneously use the LXMAR high pulse as an address or device select strobe. Since there are 
separate subsequent control strobes for memory, I/O devices and control panel logic, the fact that an ambiguous ad- 
dress appeared earlier is irrelevan|. Without the subsequent control strobe, a memory device that was spuriously 
selected by an I/O instruction, for'example. wjlj not perform a read or write operation. Moreover, the IM61 01 Parallel In- 
terface Element creates unique sej^ct strbbes for individual I/O devices, as we will see later in this chapter. The only 
occasion when you will almost certainly want to demultiplex the IM6100 Data/Address Bus is if you are creat- 
ing a System Bus which is compatible with some other microcomputer — for example, the 8080A. 
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Figure 13-6. IM6100 Memory Read Machine Cycle Timing 



Figure 13-7. IM6100 Instruction Fetch Machine Cycle 
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Figure 13-8. Machine Cycle Timing for Memory Read from Indirectly Addressed Location 


IM6100 MEMORY READ MACHINE CYCLE TIMING 


Figure 13-6 represents the memory read variation of Figure 13-4. MEMSEL is pulsed low fora select, but otherwise 
the two figures are identical. 


Logically there is no difference between an instruction fetch machine cycle and a memory 
read machine cycle; however, the IM6100 outputs IFETCH high for the duration of the in- 
struction fetch, memory read machine cycle. Timing is Illustrated in Figure 13-7. 

There is one additional memory read machine cycle which is specifically identified via its own 
signal. Memory reference instructions AND, TAD, and ISZ, if they specify indirect addressing, 
output DATAF high for the duration of the machine cycle that carries the indirect address as 
an address, rather than data. Figure 13-8 illustrates timing for a machine cycle during 
which the CPU reads from an indirectly addressed memory location. DATAF is not output 
high when JMP or JMS instructions specifying indirect addressing are executed. 


IM6100 
INSTRUCTION 
FETCH MACHINE 
CYCLE 


IM6100 
INDIRECTLY 
ADDRESSED 
MEMORY 
READ CYCLE 


The IM6100 has two instructions that read data from memory to the Accumulator: the AND 
and TAD instructions. Without indirect addressing, each of these instructions will be executed 

in two machine cycles; the first machine cycle will be an instruction fetch, as illustrated in Figure 13-7, while the sec- 
ond machine cycle will be a memory read, as illustrated in Figure 1 3-6. |f either of these instructions specifies indirect 
addressing, then the instruction will be executed in three machine cycles. The first machine cycle will be a simple in- 
struction fetch, as illustrated in Figure 13-7. The secopd machine cycle will be a simple memory read, as illustrated in 
Figure 1 3-6; however, during this machine cycle the effective memory address will be read as data. The third machine 
cycle will be an indirect addressing memory read, as illustrated in Figure 13-8. The data input during the second 
machine cycle will be output as an address during the third machine cycle. 


The ISZ instruction reads from memory, increments the data just read, and writes it back. The sequence of machine cy- 
cles used to execute ISZ is almost the same as sequences for AND and TAD; the only difference is that, for ISZ, a 
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memory write cycle follows the last memory read cycle. Thus, the CPU exequtes ap ISZ without indirection in three 
machine cycles: an instruction fetch, a memory read, and a memory write. If indirect addressing has been specified, 
there will be four machine cycles: an instruction fetch followed by a memory read, an indirect addressing memory read, 
and a memory write. Figure 13-9 shows prdinary memory write timing. 



IM61 00 MEMORY WRITE MACHINE CYCLE 

A simple j MSIOO m emory write machine cycle is illustrated in Figure 1 3-9. This figure is identical to Figure 1 3-5, 
except that MEMSEL is shown generating a low strobe in T6. ■ 


The IMdIOO has two instructions that write to memory: the DCA and the ISZ instructions. Also, any memory reference 
instruction that specifies indirect addressing with auto-increment must write into memory. This is because when auto- 
increment addressing is specified, the indirect address which' is fetched from one of the memory locations 08-] 5 
through OF-jg is incremented, then written back to the same memory location. • . ■ 


A simple rnemory write machine cycle with indirect addressing will have timing identical 
to Figure 13-9, except that DATAF will pulse high for the duration of the machine cycle, as il- 
lustrated in Figure 13-10. The memory address, output during this indirect addressing, 
memory write rriachine cycle will have been input as cfata during the previous macf|jne cycle, 
which will be a simple memory read machine cycle with timing as illustrated in Figure 13-6. 

Any memory reference instruction that specifies indirect addressing with auto-increment 
will insert a write during T6 of the second machine cycle. During this machine cycle, the in- 
direct address will be fetched from one of the rnemprydocations with addresses 08] g through 
OF-ig, During the T6 clock period this address, having been incremented, is vyritten back to the 
same memory location. During a third machine cycle.'the memory read or write reggired by the in- 
struction will occur. Figure 1 3-1 1 illustrates timing for an indirect addressing with auto-incre- 
ment machine cycle. Observe that a memory reacf and a memory write occur in this single 
machine cycle, albeit to and from the same memory location. 


IM6100 
INDIRECTLY 
ADDRESSED 
MEMORY 
WRITE CYCLE 


IM6100 
INDIRECT 
ADDRESSING 
WITH AUTO- 
INCREMENT 
TIMING 
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Figure 13-10. Machine Cycle Timing for Memory Write to Indirectly Addressed Location 



Figure 13-1 1. Auto-Increment Machine Cycle for an IM6100 Memory Reference Instruction 
that Specifies Indirect Addressing with Auto-Increment 
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Figure 13-12. IM6100 DCA Instruction Timing with Indirect Addressing 
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Timing for execution of a DCA instruction with indirect addressing is given in Figure 1 3-1 2. Timing for this same 
instruction with indirect addressing and auto-increment is given in Figure 13-13. 

IM61 00 INPUT/OUTPUT TIMING 

A peculiarity of IM6100 input/output instructions is that they are undefined. The instruction object code's three 
high-order bits identify the instruction as an I/O instruction, but they do not identify the type of I/O instruction. 
By convention, six object code bits constitute an I/O device code, and the three remaining bits are interpreted 
as a control code (this is illustrated later). In reality, the I/O instruction object code must contain 110 in the 
three high-order bits, but the manner in which the remaining nine bits are interpreted is entirely up to external 
logic, which may or may not divide these nine bits into six device select bits and three I/O operation control 
bits. As far as the CPU is concerned, when it executes an I/O instruction, it outputs DEVSEL low instead of out- 
putting MEMSEL low, but otherwise the CPU has no idea what is. going to happen in the course of the I/O in- 
struction's execution. The external device which considers itself selected by the I/O instruction object c ode 
determines the I /O operations which are to occur by appropriately inputting to the CPU the control signals CO, 
C1,C2andSKP. 

If you are familiar with standard microprocessors such as the 8080A, this IM6100 I/O logic will appear very strange. 
The I/O device must tell the CPU what is to happen during the course of the I/O instruction's execution. All the CPU 
knows is that an I/O operation is in progress. 
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Every IM6100 I/O instruction executes in three machine cycles. 

The first machine cycle is a standard instruction fetch, as illustrated in Figure 13-7. 

The second machine cycle is a variation of the data input or data output machine cycle, as illustrated in Figures 
13-14 and 13-15. 

The third I/O instruction machine cycle is a "no operation" machine cycle. The no operation machine cycie has 
six clock periods. The clock, XT A, XTB, XTC, and LXMAR signals are active, but the Select lines and the Data/Address 
Bus are not. 

The most important difference between the I/O input and output machine cycles illustrated in Figures 13-14 and 
1 3-1 5, as against the standard input and output machine cycles illustrated in Figures 1 3-5 and 1 3-6, is the fact that the 
control inputs CO, Cl, C2 and SKP must be accounted for. Ti ming for t hese four signals, as inputs, must conform to 
data input timing. Thus, every I/O machine cycle must include a DEVSEL low pulse at read time so that the selected I/O 
device knows when to input the four control signals. The CPU uses these control inputs to determine whether a data in- 
put or a data output is to occur. I/O logic will normally hold Cl and C2 high in between I/O operations so the 
default IOC instruction is a data output. This is necessary since there is very little time separating the LXMAR high 
pulse and data output. CO may normally be held low or high, depending on whether the Accumulator is to be cleared or 
not following data output. 

The I/O instruction object code, rather than an address, is output on the Data/Address Bus during T1 of any I/O instruc- 
tion's second machine cycle. 
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By PDP-8E convention, the I/O instruction object code has the following format: 

11 10 98765432 1 0 Bit No. 

I 1 1 I 0 I I j 'I/O instruction object code 


Control code 
I/O device code 


The interpretation of bits 0 through 8 is, in reality, undefined. The illustration above shows standard PDP-8E format 
using this convention; I/O devices must decode lines 3 through 8 to determine if they have been selected; lines 0, 1 
and 2 identify operations which must be performed b y the selected I/O device. The operations which the selected I/O 
device must perform include returning CO, C 1 , C2 and SKP levels, which determine the nature of the I/O instruction for 
the CPU and for the selected I/O device. 

A complete I/O instruction's timing is given in Figure 13-16. 
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THE IM6100 WAIT STATE 

External logic may insert Wait states within a data input or data output machine cycle. In each case, external logic 
requests the Wait state via a low WAIT input. The Wait state will generate additional T2 clock periods during a data in- 
put operation. Timing is illustrated in Figure 1 3-1 7. Additional T6 clock periods will be generated during a data output 
operation, as illustrated in Figure 13-18. 
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In Chapter 4, we described ways in which READY input signals can be generated in order to create Wait states of one, 
or of a few clock periods. Although the Chapter 4 discussion is for the 8080A microprocessor, the logic applies equally 
well for the IM61 00, 

IM6100 HOLD AND HALT CONDITIONS 

The IM6100 has a single Halt state which is equivalent to the Hold and Halt conditions of other 
micr oproc essors. The Halt state can be initiated by executing a Halt instruction, or by inputting a low signal via 
RUN/HLT. 

The IM6100 has two control signals associated with its Halt sta te. R UN/HLt is an input which can be used to 
initiate and terminate Halt states. What is unusual about the RUN/HLT control input is that the low-to-high transi- 
tion of this signal is active. This may be illustrated as follows: 


RUN/HLT 


RUN 


HALT 


\ 


RUN 



HALT 
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Figure 13-19. An IM6100 Halt State Initiated by Execution 
of a HLT Instruction 
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The RUN output signal always indicates whether the CRU Is running or has been halted. RUN is output high while 
the CPU is running; RUN is output low when the CPU has halted. Figures 13-19 and 13-20 illustrate Halt state tim- 
ing. Note that once a Halt state has been initiated, either by executing the Halt instruction or by inputting RUN/HLT 
low, the Halt state will last some integral number of five-clock-period machine cycles. 

If a Halt state is initiated by the RUN/HLT input, then as soon as this input makes a low-to-high transition, an internal 
Run flip-flop is reset to 0. This internal flip-flop is sampled in tHe middle of the first clock period during the last machine 
cycle of the currently executing instruction. If the internal flip-flop is reset at this time, then a Halt state will begi n with 
the next machine cycle. This internal flip-flop remains reset until the next low-to-high transition of the RUN/HLT input. 
During every Halt machine cycle the internal Halt flip-flop is sampled in the middle of the first Halt machine cycle clock 
period. As soon as the internal flip-flop is detected high again, the Halt state terminates at the end of the current Halt 
machine cycle with a "transition" Halt cycle, during which DMAGNT is held high. Program execution then continues 
with an instruction fetch on the next machine cycle. Figiire 13-20 shows Halt state termination timing. 

Observe that the three clock signals XTA, XTB, and XTC continue to be output in the normal way during Halt 
machine cycies. 

IM61 00 DIRECT MEMORY ACCESS 

There are two ways in which direct memory access operations can be performed in an IM6100 microcomputer 
system. 

You can put the IM6100 CPU into a Hold state, during which DMA operations are being performed. In this case the 
CPU will slow down in order to accommodate direct memory access. 

Alternatively, direct memory access operations may occur in parallel with instruction execution by exploiting 
clock periods T3, T4 and T5 of machine cycles within which no write operation occurs. This type of parallel direct 
memory access does not slow down the CPU. 

The IM6102 MEDIC device, described later in this chapter, enables parallel direct memory access in an IM6100 
microcomputer system. For a discussion of this type of direct memory access, refer to the IM6102 device description. In 

the text below we will consider only the use of the Hold state to implement direct memory access operations. 

Note that parallel direct memory access using the IM6102 MEDIC is definitely preferred. 

IM6100 Hold state DMA logic is similar to that which we have described for the 8080 A in Chapt er 4. External logic 
that wishes to take control of the System Bus makes a DMA request by inputting DMA REQ low . The CPU sam- 
ples DMAREQ in the middle of the first clock period of a machine cycle. Upon sensing DMAREQ low, the CPU 
acknowledges the DMA request at the end of the currently executing instruction, providing no higher priority control 
input exists. Table 13-1 and associated text summarize control priorities. When the CPU acknowledges a DMA re- 
quest, it outputs DMAGNT high and suspends program execution. The Data/Address Bus is floated and all select 
lines are output high; the clock signals XTA, XTB and XTC continue to function, clocking five-clock-period machine cy- 
cles. External logic must now use the System Bus to perform all DMA transfers. Figures 13-21 and 13-22 illustrate 
DMA initiation and termination timing, respectively. 


DMAREQ is sampled in the middle of the first clock period of every DMA machine cycle. Upon sensing DMAREQ high, 
the CPU will terminate DMA operations at the conclusion of the current DMA machine cycle, and will then proceed 
with the next scheduled instruction fetch. 

External DMA logic is responsible for all events associated with the DMA transfer. This includes having special 
device select lines. The device select lines output by the CPU cannot be used, since these are held high during a DMA 
transfer. This is not a significant problem; you can simply AND the DMA Select with the CPU Select in order to gener- 
ate a valid memory or l/Q device Select. This is possible since the inactive select input will always be held high while 
the active select input is pulsed low. You will have a negative-logic DR: 


DMA Select 
CPU Select 



Memory or I/O Select 


the select line will be active (that is, low) if either the DMA Select line or the CPU Select line is active. 

Since all DMA machine cycles have five clock periods, memory write timing during a DMA transfer cannot 
agree exactly with memory write timing during normal program execution. This is not a problem, since there is 
sufficient time within a machine cycle to execute a memory write. Logic beyond the IM6100 does not know the 
difference between one clock period and another, therefore the DMA memory write can occur at any time within the 
DMA machine cycle. 
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Figure 13-22. IM6100 DMA Termination Timing 
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The Halt state has priority over the DMA state. Thus, a DMA request will not be acknowledged while the CPU is in a 
Halt state; however, while the CPU has acknowledged a DMA request an d is e xecuting DMA machine cycles, it will res- 
pond to a Halt request generated by a low-to-high transition of th e RUN/HLT input. In the Halt state the Data/Address 

Bus is not floated, therefore you must make sure that RUN/HLT does not pulse low while the CPU is acknowledg- 
ing a DMA request. This is simple enough to do. Here is appropriate logic; 


RUN/HLT. 

DMAGNT- 


o 


RUN/HLTto CPU 


Table 13-1 summarizes operation priorities within IM6100 CPU logic. 

You will have no trouble using the DMA control devices described in Volume 3 in order to implement direct 
memory access in an IM6100 microcomputer system: however, the IM6102 is preferred in IM6100 microcomputer 
systems. The DMA control devices described in Volume 3 are all NMOS devices, therefore you will need CMOS-to- 
NMOS bidirectional drivers. These drivers may buffer the CPU from the rest of the system, or, if most of the system is 
implemented using CMOS technology, these buffers will isolate the DMA logic from the rest of the system. 

THE IM61 00 RESET 

You must input the RESET signal low in order to reset the IM6100 CPU. The CPU samples this signal in the middle 
of the first clock period during the last machine cycle of an instruction's execution. Upon detecting RESET low, the CPU 
enters a Reset condition beginning with the n ext mac hine cycle. The Reset condition is ma intaine d for an exact number 
of five-clock-period machine cycles while the RESET input is low. When the CPU detects RESET high in the middle of 
the first clock period of a Reset machine cycle, the processor will begin program execution at the end of that Reset 
machine cycle, thus terminating the Reset state. 

Timing for the initiation and termination of a Reset condition is identical to timing for D MA initi ati on and ter- 
mination, as illustrated in Figures 13-21 and 13-22. In these two figures, by substituting RESET for DMAREQ, 
and by eliminating the DMAGNT signal, you create Reset initiation and termination timing. 

During a Reset condition the following events occur: 

1) The Program Counter is set to FFFi6. 

2) The Accumulator and Link flag are cleared. 

3) The Data/Address Bus is floated. 

4) All Select lines are output high. 

5) The three clock signals, XT A, XTB, and XTC, continue to output, timing five-clock-period machine cycles. 

The only difference between a Reset condition and a DMA condition is the fact that during the Reset condition the Ac- 
cumulator and flags are cleared and the Program Counter is set toFFF-|6' You will normally initiate a bootstrap loader 
program at memory location FFF 10 in order to restart the microcomputer system following a reset. 

IM6100 INTERRUPT LOGIC 

The IM6100 has two separate and distinct interrupt requests, one for the control panel and another for external 
devices in general. We will now discuss external devices' interrupt request logic, leaving control panel interrupt 
request logic to the control panel discussion which follows. 

Any external device wishing to request an interrupt does so by inputting a low signal via INTREQ. The CPU sam- 
ples this signal in th e middle of the first clock period, during the last machine cycle of the current instruction's execu- 
tion. Upon detecting INTREQ low, the CPU will acknowledge the interrupt at the conclusion of the current instruction's 
execution, providing no high priority control input exists. Priorities are summarized in Table 13-1. Upon acknowledg- 
ing a valid interrupt request, the IM6100 CPU goes through these steps; 

1) The interrupt grant signal INTGNT is output high. 

2) Interrupt acknowledge logic is disabled. 

3) Program Counter contents are stored in memory location 000. 

4) An instruction fetch machine cycle is executed, with the next instruction's object code fetched from memory loca- 
tion 001. 

Timing is illustrated in Figure 13-22a. 

IM6100 interrupt logic is, by microprocessor standards, quite primitive. A single interrupt service routine, origined 
at memory location 001, must be executed in response to every external interrupt request. 
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There is a group of eight I/O instructions which are treated as interrupt processing in- 
structions. These are; 

SKON - Skip if interrupt On 

ION - Enable interrupts 

lOF - Disable interrupts 

SRQ - Skip if there is an active interrupt request 

GTF - Get flags 

RTF - Return flags 

SGT - Undefined I/O operation 

CAF - Clear all flags > 


IM6100 

INTERRUPT 

PROCESSING 

INSTRUCTIONS 


Figure 13-16 illustrates instruction execution timing for these eight instructions. 


When any I/O instruction, including the eight instructions above, is executed, the INTGNT signal is reset low. 
INTGNT reset timing is illustrated in Figure 13-16. . 

In the simplest case, here is an appropriate interrupt service routine that can be used to determine device priorities: 


•001 , , /INTERRUPT SERVICE ROUTINE ORIGINED AT 001 

JMP I -+1 /JUMP INDIRECT VIA ADDRESS IN NEXT WORD 

INTS /LABEL OF INTERRUPT SERVICE ROUTINE 


INTS lOT DEV1,INT /ACTUAL INTERRUPT SERVICE ROUTINE ORIGIN 
JMP I DEVI A 

lOT DEV2,INT 

JMP I DEV2A 

lOT DEV3,INT 

JMP I DEV3A 


etc 

DEV1A ADDR1 
DEV2A ADDR2' 
DEV3A ADDR3 


The instruction sequence above begins (at memory location 1) with a Jump Indirect instruction that holds the start of 
the interrupt service, routine in memory location 2. This interrupt service routine origin is identified by the, label INTS. 
INTS may be anywhere in program memory. 

The instruction sequence beginning at INTS is a sequence of I/O and Jump Indirect instructions. The I/O instructions 
identify, sequentially, the devices that can request an interrupt. Each identified device is provided with a control code 
giv en th e label INT. This control code must be interpreted by the addressed device as a command to return a low pulse 
via SKP during I/O data input time, if the device is not requesting an interrupt. Thus, the next instruction, which is a 
Jump Indirect instruction, will be skipped if the device is not requesting an interrupt. The iOT instruction may thus be 
illustrated as follows: 





I/O device, if selected, must interpret these three 
bits (whose contents are not specified here, but 
must be spec ified in a real situation) to generate 
SKP low when DEVSEL is low if there is no pending 
interrupt request. 

These bits identify the I/O devices 
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Thus, the first device in the program chain which has an active interrupt request will return SKP high, which means 
that the next Jump Indirect instruction will be executed. 

All of the Jump Indirect instructions identify a location which must be on the same page of memory. Within this loca- 
tion the actual address of the interrupt service routine for the selected device is stored. 

The problem with the polling scheme described above is that it demands a certain amount of intelligence from the pe- 
ripheral controller. We could eliminate this intelligence by reading the contents of a device Status register, then jump- 
ing or not jumping, based upon a particular bit setting within the status register. 

But remember, as the interrupt service routine increases in length, interrupt response time also goes up. 

You can implement a vectored interrupt acknowledge using daisy chain logic, as illustrated 
for the 8048 microcomputer in Chapter 6. Consider Figure 6-14. Eight separate interrupt 
acknowledge signals are generated together with a three-bit code identifying the acknowledged 
device — which is the highest priority device requesting an interrupt. This three-bit code could be 
held in a 12-bit buffer, which the CPU reads as an I/O port. If logic associated with this I/O port, 
upon being accessed, inputs control signals C2 low and Cl high, then the three-bit code (shifted left appropriately to 
meet the needs of Branch logic) will be added to the Program Counter. This implements a prograrri relative jump, and 
then a vectored branch. Figure 13-23 illustrates an appropriate instruction sequence. 


IM6100 

VECTORED 

INTERRUPT 

ACKNOWLEDGE 


ORG 

JMP I 

NEXT DA 


1 

NEXT /JUMP INDIRECT TO INTERRUPT SERVICE ROUTINE 
INTS /STORE INTERRUPT SERVICE ROUTINE ADDRESS HERE 



ORG 

,NTS 

/INTERRUPT SERVICE ROUTINE ORIGIN 

lOT 

IBUF.IN 

/INPUT INTERRUPT VECTOR PLUS C2=0, C1 = 1 

JMP 1 

DEVI 

/JUMP INDIRECT TO DEVICE 1 INTERRUPT SERVICE 

DA 

ADR1 

/ROUTINE, WHICH IS ORIGINED AT ADR1 

JMP 1 

DEV2 

/JUMP INDIRECT TO DEVICE 2 INTERRUPT SERVICE 

DA 

ADR2 

/ROUTINE, WHICH IS ORIGINED AT ADR2 

JMP 1 

DEVS 

/JUMP INDIRECT TO DEVICE 3 INTERRUPT 

DA 

ADR3 

/SERVICE ROUTINE, WHICH IS ORIGINED AT ADR3 

etc 


etc 


Figure 13-23. Logic and Instruction Sequence for an IM6100 Vectored Interrupt Acknowledge 
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Let us examine Figure 13-23. 

When the interrupt is acknowledged, the Indirect Jump instruction stored in memory location 1 is fetched. This in- 
struction causes program execution to jump to the memory location whose address is stored in the next memory word, 
which is assigned the label NEXT, but is location 2. The address stored in location 2 is referred to by the label INTS. 

The main interrupt service routine is stored in memory, origined at INTS. The first instruction to be executed is an lOT 
instruction, which inputs data from a location identified by the label IBUF. IBUF is assumed to be the label of the 1 2-bit 
buffer which has the 3-bit device vector stored in bits 1, 2 and 3. During the IOTA machine cycle, this buffer's contents 
will be transmitted to the CPU. Simultaneously, C2 is input low while Cl is input high; therefore, the buffer contents 
will be added to the Program Counter. Adding the buffer contents to the Program Counter will cause one of eight in- 
structions to be executed next. These eight instructions are all Indirect Jump instructions, which are immediately 
followed by the address to be jumped to indirectly. Thus, one of eight routines origined at ADR1 through ADR8 will be 
executed. 

Although INTGNT is reset low with the first I/O instruction executed within an interrupt service routine, note that once 
you acknowledge an interrupt, all further interrupts are disabled until you execute an ION instruction, the ION instruc- 
tion re-enables interrupts, but not until the conclusion of the instruction fetch for the next instruction to be executed. 
You will therefore normally leave interrupts disabled for the duration of an interrupt service routine, re-enabling the in- 
terrupts by executing an ION instruction directly before you exit the interrupt service routine via a Jump Indirect in- 
struction. Thus the following two instructions will normally conclude an interrupt service routine: 


ION /RE-ENABLE INTERRUPTS 

JMP I 0 /RETURN FROM INTERRUPT SERVICE ROUTINE 

Since interrupts will not be re-enabled until after the Jump Indirect instruction object code has been fetched, you will 
succeed in returning from the interrupt before another interrupt request gets acknowledged, if pending. 

You can, if you wish, re-enable interrupts within an interrupt service routine in order to accommodate nested in- 
terrupts. If you do this, then prior to re-enabling interrupts within the interrupt service routine, you must save the 
return address, which is stored in memory location 0, in a software stack. But remember, nested interrupts rarely make 
sense in a microcomputer system. The low cost of microprocessor Central Processing Units invariably makes it more 
economical to generate rhulti-CPU corifigurations in preference to time sharing a single CPU with nested interrupts. 

The preferred method df handling rhultiple interrupts in an IM61 00 microcomputer system is to use the IM61 02 
.MEDIC, together with IM6IOI PIE devices. These devices automatically implement daisy-chain interrupt priorities 
with vectored interrupt logic. That is to say, you obtain the same result illustrated in Figure 13-23, but without any of 
the complexities associated with special logic of the type illustrated in Figure 6-14. 

IM6100 CONTROL PANEL LOGIC 

Since the IM6100 reproduces the logic of a microcomputer, the possible presence of a minicomputer control 
panel is assumed. Control panel logic for a minicomputer can be quite complex; given the limitations of the IMBIOO 
CPU, this could present probleitis. These problems are resolved, however, by allowing the control panel to have its own 
memory. Control panel memory is used to store programs that implement control panel logic. Control panel memory is 
separate and distinct from main memory. Control panel memory addresses can (and usually do) overlap with 
main memory addresses. External logic can discriminate between a main memory location and a contro l panel 
memory location with the same address because control p anel memo ry locations are selected by the CPSEL 
strobe, whereas main memory locations are selected by the MEMSEL strobe. Timing for control panel memory 
and main memory accesses are identical, with the exception of the different select strobes 

There is a single instruction, the OSR instruction, which accesses a control panel switch 
register. The switch register is assumed to be a 1 2-bit register holding data that is input via con- 
trol panel switches. The OSR instruction reads the switch register contents and ORs this data on a 
bit-by-bit basis with the contents of the CPU Accumulator. When the OSR instruction is ex- 
ecuted, timing is a variation of a memory read instruction with direct addressing. Timing is illustr- 
ated in Figure 13-24. 


IM6100 

CONTROL 

PANEL 

SWITCH 

REGISTER 
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There is nothing very complex about accessihg the Switch register; it is a single location, accessible via a single in- 
struction. The same is not true for control panel memory, which can be accessed by any memory reference instruction, 
although its address space is parallel with main memory, (iie.. control panel memory and main memory use the same 
memory addresses). You must therefore execute a special cdhtfol panel interrupt request in order to initiate ex- 
ecution of any program that is stored in control pandl rriemory. 

Foll owing a c ontrol panel interrupt request, all direct memory accesses are identified by a low CPSEL pulse instead of a 
low MEMSEL pulse. This means that all instruction fetch machine cycles will fetch an instruction object code out of 
control panel memory, not out of main memory. Thus as soon as a control panel interrupt request has been 
acknowledged, a program stored in control panel memory will be executed. Furthermore, all direct memory reference 
instructions contained within this program will also access data locations vyithin control panel memory, not within 
main memory. 

You request a control panel interrupt by inputting a low signal via CPREQ. Timing for the request ac knovvibd ge 
sequence is identical to the general interrupt timing given in Figure 13-22a, providing you sbstitute CPREQ for 
INTREQ. 

A control panel interrupt request is a higher priority interrupt request than the general external interrupt request. (See 
Table 13-1 for a summary of priorities). If the two interrupt requests occur simultaneously, the control panel interrupt 
request will be acknowledged, while the external interrupt request will not be acknowledged, in, fact, only a Reset has 
higher priority than a control panel interrupt request, therefore no INTGNT output occurs following a controi panel 
interrupt request. 

A controi panel interrupt request has higher priority than Halt or DMA, therefore the control panel interrupt request 
will be acknowledged while the CPU is halted. The Halt condition will be terminated and the CPU will enter a run 
condition as soon as the control panel interrupt request is acknowledged. At the end of the control panel interrupt ser- 
vice routine the CPU will return to the Halt state. 

The control panel interrupt's priority over external interrupts extends for the duration of the external interrupt service 
routine. A control panel interrupt request will be acknowledged even if it occurs while an external interrupt ser- 
vice routine is being executed. That is to say, if you disable external interrupts, this has no effect on control panel in- 
terrupt logic; a control panel interrupt request will, nonetheless, be acknowledged. 

When a control panel interrupt request is acknowiedged, the foliowing events occur: 

1) Program Counter contents are stored in control panel memory location 0. This is not the same as main memory 
location 0 ; therefore, if a control panel interrupt request is acknowledged while an external interrupt service 
routine is being executed, no harm is done. A control panel interrupt can be nested within an external interrupt. 

2) All interrupts are disabled. External interrupts and further control panel interrupts will be ignored. 

3) The Program Counter is set to FFFi 0 . Thus the control panel interrupt service routine must be origined at control 
panel memory location FFFiq. 

4) The CPU will output CPSEL instead of MEMSEL for all memory accesses (except as explained below). 

vyhen an AND, TAD, ISZ or DCA instruction is executed within a control panel interrupt service routine, if in- 
direct addressing is specified, then control panel memory is accessed for the direct addressing machine cycle; 
however, main memory is accessed for the indirect addressing machine cycle — that is, for the machine cycle 
during which DATAF is high. We can reproduce Figure 13-12 for execution of an indirect addressing DCA in- 
struction within a control panel interrupt service routine, as shown in Figure 13-25. Thus, you cannot indirectly 
address control panel memory. If you are going to indirectly access data within a control panel interrupt service routine, 
the address of the data can be held in control panel memory, but the data itself must be. held in main mehnory. 
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Figure 13-25. IM6100 DCA Instruction in Control Panel Memory — Timing 
with Indirp-^'^ddressing 
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You must leave all interrupt s disab led while execut ing the c ontrol panel interrupt service routine. This is a prere- 
quisite for the CPU to output CPSEL pulses instead of MEMS EL pulses. If y ou enable interrupts within a control panel 
interrupt service routine, you will immediately disable CPSEL and re-enable MEMSEL, and therefore program logic will 
exit the control panel service routine. When you execute any I/O instruction, you re-enable control panel interrupts and 
external interrupts. Thus, executing any I/O instruction will also cause you to exit the control panel interrupt service 
routine. Therefore, you cannot use I/O instructions within a control panel interrupt service routine. 

In order to return from a control panel memory interrupt service routine, therefore, you simply re-enable inter- 
rupts and execute an indirect jump via memory location 0. The following two instructions will terminate the control 
panel interrupt service routine: 

ION /ENABLE INTERRUPTS 

JMP I 0 /RETURN FROM INTERRUPT 

When the ION instruction is executed, all interrupts are re-enabled; however, this does not happen until the following 
instruc tion object code has been fetched. This instruction is a Jump Indirect. When The direct address (000) is output, 
CPSEL is pulsed low; therefore the contents of control panel memory location 0 afeTetch ed. But when the indirect ad- 
dress which was fetched from control panel memory location 000 is o utput, MEMSEL is pulsed low; therefore we 
branch back to main memory for the next instruction fetch. ION disables CPSEL, so all future memory accesses select 
main memory. 

The RTF instruction is another I/O instruction which is frequently used (instead of ION) in the control panel interrupt 
service routine exit sequence. 

Note that a Reset enables all interrupts: therefore, if a reset occurs in the middle of a control panel interrupt ser- 
vice routine, then when program execution restarts, it will restart out of main memory, as described earlier in 
this chapter for the reset operation. 


Table 13-1. IM6100 External Signal Sampling Priorities 


Priority 

Operation 

Associated Signals 

First (highest) 
Second 

Third 

Fourth 

Fifth (lowest) 

Reset 

Control panel interrupt request 
Halt 

DMA 

External interrupt request 

RESET 

CPREQ, CPSEL 
RUN/HLT. RUN 
DMAREQ, DMAGNT 
INTREQ, INTGNT 


EXTERNAL CONTROL SIGNAL PRIORITIES 

Table 13-1 summarizes the seq uence i n which external control signals are sampled by the IM6100 CPU. As a 

consequence of these priorities, a RESET input will always be accepted and the IM6100 CPU will always be reset, ir- 
respective of what operations the CPU happens to be performing. 

A control panel interrupt request will be acknowledged unless the CPU is in the process of being reset. Thus, if the CPU 
is in a Halt state, the Halt state will be terminated and the CPU will enter a Run state while the control panel interrupt 
service routine is executed. If a Hold state DMA operation is in progress, then the DMA operation will be suspended for 
the duration of the control panel interrupt service routine. 

The third highest priority condition is the Halt state. This means that a Halt condition will be terminated to execute a 
control panel interrupt service routine; however, a Halt condition has priority over DMA. 

An external device interrupt request is acknowledged as the lowest priority external control input. Thus an external 
device's interrupt service routine will be slowed down by DMA logic, it will be stopped by a Halt and it will be inter- 
rupted by a control panel interrupt service routine. 

IM6100 INSTRUCTION SET 

The IM6100 instruction set is unusual because of limitations imposed by the fact that every single instruction gener- 
ates a single 12-bit object code. 

The IM6100 is very deficient in memory reference instructions; it has absolutely no immediate instructions, but it has 
an incredible wealth of register operate instructions and I/O instructions. Instructions are summarized in Table 1 3-2. 

Look first at the memory reference instructions. There is no simple memory read instruction or memory write instruc- 
tion. The TAD instruction performs a binary add of memory with the Accumulator, leaving the result in the Accumula- 
tor. In order to read the contents of a memory word, you must clear the Accumulator, and then add memory to the Ac- 
cumulator. 
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DCA is a deposit and clear instruction whicH is close to a memory write. When this instruction is executed the contents 
of the Accumulator are written to memory ahd the Accumulator is then cleared. 

The only Boolean logic instructions provided aMd the contents of memory with the Accumulator. You can also OR the 
MQ register and Accumulator contents. If you require XOR, you must create it using the operations available. 

There is a single Jump instruction which uses absolute, paged direct or indirect addressing. There are no conditional 
Jump instructions; however, there are a wealth of conditional Skip instructions. In order to perform conditional 
branches, you must use skip logic. 

The total absence of immediate instructions results from the fact that no instructions have two words of object code. 
Where you would have used an immediate instruction, you must instead use the TAD instruction to add a constant to 
the zeroed Accumulator. It is important to note that given the architecture of the IM6100 CPU, immediate instructions 
are not very valuable — and the lack of them is not consequential. Since you only have one Accumulator and no Data 
Counters, you do not need immediate instructions in order to load initial addresses or data. 

IM6100 I/O instructions are also unusual. At one Extreme, you could say that the IM6100 only has one I/O instruction, 
which outputs a 9-bit code oh the Data/Address Bus, which external logic can interpret in any way. In practice, the 
PDP-8 minicomputer interprets this 9-bit code as follows; 


1110 98 7 6 54 3 2 10 Bit No. 



If, you are designing a product from scratch, there is no reason why you must use the 9-bit code output by an lOT in- 
struction as illustrated above. If you are using existing PDP-8 software, you are forced to conform to the above lOT in- 
struction interpretation. 

The most unusual featu re of IM6100 I/O instructipns is the fact that external devices can talk back and control the CPU 
via the CO, Cl, C2 and SKP control inputs which we have already described. 

THE IM61 00 BENCHMARK PROGRAiVi 

The IM6100 benchrriark program may be illustrated as follows: 


CLA 


/CLEAR THE ACCUMULATOR 

TAD 

lOBUF 

/LOAD 10 BUF BASE ADDRESS INTO 

DCA 

8 

/AUTO-INCREMENT LOCATION 

TAD 

TABLE 

/LOAD TABLE FIRST FREE BVTE ADDRESS 

DCA 

9 

/INTO AUTO-INCREMENT LOCATION 

TAD 

CNT 

/LOAD BYTE COUNT 

CIA 


/COMPLEMENT AC AND INCREMENT 

DCA 

INDEX 

/SAVE IN RAM 

LOOP TADI 

8 

/LOAD NEXT WORD t^ROM lOBUF 

DCAI 

9 

/STORE IN NEXT FREE TABLE WORD 

ISZ 

INDEX 

/INCREMENT BYTE COUNT COMPLEMENT 

JMP 

LOOP 

/RETURN FOR MORE , 

TAD 

9 

/AT END RESTORE NEW TABLE FIRST 

DCA 

TABLE 

/FREE BYTE ADDRESS 


The benchmark program illustrated above uses auto-increment memory locations 8 and 9 to indirectly address lOBUF 
and TABLE. These two tables can be of any length within the constraints of the available 4096-word address space. 
Three other words in the base page are reserved to store the lOBUF basb address, the address of the first free byte in 
TABLE and the byte count. An additional-memory word in the base page is used to store the complement of the byte 
count. This location is represented by the label INDEX. 
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The following symbols are used in Table 13-2, 

A Accumulator 

*ADDR Addressing operands. * indicates indirect mode specified. ADDR may be zero page or current page address 
as described in the text. 

CMND Three-bit I/O command. 

DEV Six-bit Device address 

EA Effective Address generated by *ADDR operands. 

IE Interrupt Enable flip-flop 

L Link status 

MQ MQ register 

PC Program Counter 

SR Switch register — a 12-bit register external to the CPU. 

x<y> The yth bit of the quantity x. For example. A<0> specifies the low bit of the Accumulator. 

[ ] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, then 

the designated register’s contents are specified. If a memory address is enclosed within the brackets, then 
the contents of the addressed memory location are specified. 

A Logical AND 

V Logical OR . 

Data is transferred in the direction of the arrow. 

Under the heading of STATUS in Table 13-2, an X indicates that the Link is modified in the course of the instruction's 

execution. If there is no X, it means that the Link maintains the value it had before the instruction was executed. 
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Table 13-2. IM6100 Instruction Set Summary 


OPERANDIS) 


12-BIT 

WORDS 


OPERATION PERFORMED 


IDEVI — [CMND] 

Issue the command to the device. 


>■ >• o 

5 ee 5 
< O S 
S s oe 

K ~ u. 
a 2 lu 


DCA 


AND 

TAD 

ISZ 


•ADDR 

•ADDR 

•ADDR 


[EAl-tA]' 

tAl—0 

Deposit the Accumulator in memory; then clear Accumulator. 


[Al — [AlAtEA] 

AND Accumulator with memory. 
[A]-IA1+[EA] 

Add memory to Accumulator. 

(EAl — [EA] + 1 
If [ EA] = 0; skip 

Increment memory and skip if zero. 


JMP 

JMS 


•ADDR 

•ADDR 


[PC]— EA 
Branch unconditional. 
lEAl — [PCl + 1 
[PC]— EA+1 

Jump to subroutine unconditional. 


lAl— [AJ + 1 
Increment Accumulator. 


r 




Rotate Accumulator left one bit through Link. 


[y Ill ITT] 


Rotate Accumulator left two bits through Link. 


T— 

■n-«— I T--4-TX TJ.T--l--r4.-pl - J 

Rotate accumulator right one bit through Link. 
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Table 13-2. IM6100 Instruction Set Summary (Continued) 


OPERANDIS) 


12-BIT 

WORDS 


OPERATION PERFORMED 


O Z 


CMA 

CIA 

CLA 

CLA lAC 
STA 


□ rm -i 

Rotate Accumulator right two bits through Link. 




1 1 1 

1 11 1 II 

nn [A] 

' s 

1 

^ i 

1 

[ 


Swap the two halves of the Accumulator. 

[Al-iA] 

Complement Accumulator contents. 

[A)-IA)+1 

Negate (twos complement) Accumulator contents, (same as CMA lAC) 
(Al-0 

Clear Accumulator. 

[A1-1 

Clear, then increment Accumulator. 

[AI-FFF,, 

Set Accumulator bits to all ones, (same as CLA CMA) 


SNL 

SZL 

SZA 

SNA 

SZA SNL 
SNA SZL 
SMA 
SPA 


If iLl^l; [PC] — [PCl + 2 
Skip on Link set. 

If [L]=0; [PC] — [PC] 2 
Skip on Link reset. 

If [A]=0: [PC]— [PC] + 2 
Skip on Accumulator zero. 

If [A]^0; [PC]— [PC] + 2 
Skip on Accumulator nonzero. 

If [A]=0or [L) = 1; [PC]— [PC]-(^2 
Skip if either Accumulator zero or Link set. 

If [A]?iOand [L]=0; [ PC]— [PC] 2 
Skip if Accumulator nonzero and Link reset. 

If A<11>=1: [PC]— [PC]-r2 
Skip if Accumulator negative. 

If A<11>=0; [PC]— [PC]-f2 
Skip if Accumulator positive or zero. 
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Table 13-2. IM6100 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERANDtS) 

12-BIT 

WORDS 

STATUS 

OPERATION PERFORMED 

C 






BRANCH ON CONDITION 

(CONTINUED) 

SMA SNL 

SPA SZL 

SMA S2A 

SPA SNA 

SMA SZA SNL 

SPA SNA SZL 









If A<11>=1 or [L]=1; then [PC]— [PC]-h2 

Skip if Accumulator negative or Unk set. 

If A<11> = 0and [L]=0; then [PC]— [PC] + 2 

Skip if Accumulator positive and Unk reset. 

If [A] =S0; then [PC] — [PC] + 2 

Skip if Accumulator zero or negative. 

If [A] >0: then [PC] — [PC] + 2 

Skip if Accumulator positive. 

If [A] «0 or [L]= 1 

Skip if Accumulator less than or equal to zero or if Unk set. 

If [A] >0 and L-0 

Skip if Accumulator positive and Link reset. 

BRANCH ON CONDITION 

AND OPERATE 

SZA CLA 

SNA CLA 

SMA CLA 

SPA CLA 


1 







If [A]==0; [PC] — [PCI + 2. 

[A]-0 

Skip on Accumulator zero. Clear Accumulator. 

If [A]?'0; [PC] — [PC] + 2. 

[A] — 0 

Skip on Accumulator nonzero. Clear Accumulator. 

If [A] < 0: [PC] — [PC] + 2. 

[A] — 0 

Skip on Accumulator negative. Clear Accumulator. 

If [A] 3=0; [PC] — [PC] + 2. 

[A] — 0 

Skip on Accumulator greater than or equal zero. Clear Accumulator. 

REGISTER- 

REGISTER MOVE 

LAS 

MQL 

SWP 

CAM 

ACL 

CLA SWP 

1 








[A]— [SR] 

Load Accumulator from Switch register (same as CLA OSR). 

[MQ] — [A] 

[A]-0 

Load MQ register from Accumulator. Clear Accumulator. 

[A]- >[MQ] 

Exchange Accumulator and MQ (same as MQA MQL). 

[A]-0 
[MQ]— 0 

Clear Accumulator and MQ (same as CLA MQL). 

[A]— [MQ] 

Load MQ into Accumulator (same as CLA MQA). 

[A]-0 
[A]- -[MQ] 

Clear Accumulator; then swap Accumulator and MQ. 

















REGISTER- 

STATUS AND REGISTER OPERATE REGISTER 

OPERATE 


Table 13-2. IM6100 




(Al — 0 
(Ll-O 

Clear Accumulator and Link. 

lAl-b 
lA<0>]— [L] 

Clear Accumulator, then rotate Link into low bit (same as CLA RAD. 















STATUS INTERRUPT BRANCH 


TYPE 


MNEMONIC 


OPERAND IS) 



istruction Set Summary (Continued) 




[PCI— [PC] + 2 
Skip next Instruction- 


Execution of any of the following instructions will reserINTGNT. 

If [IE]-1; [PC] — [PCl + 2 

If interrupts enabled, skip next instruction. 

[IE]— 1 

Enable interrupts. 

[IE]— 0 

Disable interrupts. 

Skip next instruction if Interrupt Request bus is low. 

A<11 > — [L] 

A<9>— INTREQ . 

A<7> — [IE] 

Get flags. 

[L]— A<11>; [IE]— 1 

Return Link and enable interrupts after the execution of the next sequential instruction. 
I/O device logic determines operation 
[L] — 0 
[Al-0 
[IE] — 0 
Clear all flags. 


[l]-[lI 

■ Complement Link. 
[L]— 0 
Reset Link. 
[L]-1 
Set Link. 


Halt 

No Operation 
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The following symbols are used in Table 13-3: 

One bit which determines if indirect addressing is used. 

One bit which determines if current or zero page is used. 

Seven-bit page address. ' ■ 

Six-bit device code. 

Three-bit I/O command. 

Most instructions are described in this manner: 
mnemonic xxxx 

yyy 

where xxxx is the octal object code associated with the mnemonic and yyy is the hexadecimal object code associated 
with the mnemonic. IM6100 literature uses octal notation. 

Some instructions have this form in the input clock cycles column: 
a/b/c 

a is the number of cycles required using direct addressing, 

b is the number of cycles required using indirect addressing, 

c is the number of cycles required using auto-indexed addressing. 


© 


a 

b 

ccccccc 

dddddd 

eee 
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Table 13-3. IM6100 Instruction Set Object Codes 


INSTRUCTION 

OBJECT CODE 

12-BIT 

WORDS 

INPUT 

CLOCK 

CYCLES 

INSTRUCTION 

OBJECT CODE 

ACL 

7701 

1 

20 

RTF 

6005 


FC1 




COS 

AND 'ADDR 

OOOabccccccc 

1 

20/30/32 

RTL 

7006 

BSW 

7002 

1 

30 


E06 


E02 



RTR 

7012 

CAP 

6007 

1 

34 


EOA 


C07 



SGT 

6006 

CAM 

7621 

1 

20 


C06 


F91 



SKON 

6000 

CIA 

7041 

1 

20 


COO 


E21 



SKP 

7410 

CLA 

7200 

1 

20 


F08 


E80 



SMA 

7500 

CLA CLL ■ 

7300 

1 

20 


F40 


ECO 



SMA CLA 

7700 

CLA lAC 

7201 

1 

20 


FCO 


ESI 



SMA SNL 

7520 

CLA SWP 

7721 

1 

20 


F50 


FD1 



SMA SZA 

7540 

CLL 

7100 

1 

20 


F60 


E40 



SMA SZA SNL 

7560 

CLL RAL 

7104 

1 

30 


F70 


E44 



SNA 

7450 

CLL RAR 

7110 

1 

30 


F28 


E48 



SNA CLA 

7650 

CLL RTL 

7106 

1 

30 


FAS 


E46 



SNA SZL 

7470 

CLL RTR 

7112 

1 

30 


F38 


E4A 



SNL 

7420 

CMA 

7040 

1 

20 


F10 


E20 



SPA 

7510 

CML 

7020 

1 

20 


F48 


E10 



SPA CLA 

7710 

DCA ‘ADDR 

01 labccccccc 

1 

22/32/34 


FC8 

GTF 

6004 

1 

34 

SPA SNA 

7550 


C04 




F68 

GTL 

7204 

1 

20 

SPA SNA SZL 

7570 


E84 




F78 

HLT 

7402 

1 

20 

SPA SZL 

7530 


F02 




F58 

lAC 

7001 

1 

20 

SRQ 

6003 


E01 




C03 

lOF 

6002 

1 

34 

STA 

7240 


C02 




EAO 

ION 

6001 

1 

34 

STL 

7120 


C01 




E50 

lOT DEV.CMND 

1 lOddddddeee 

1 

20 

SWP 
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1 

20 
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lOlabccccccc 

1 
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SZA 
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1 
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' F20 

LAS 

7604 

1 

30 
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7640 
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FAO 

MQA 
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1 

20 

SZA SNL 

7460 


F41 
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MQL 

7421 

1 

20 

SZL 

7430 
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F18 

NOP 

7000 

1 

20 

TAD ‘ADDR 

00 labccccccc 


EOO 





OSR 

7404 

1 

30 
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RAL 

7004 

1 
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E04 





RAR 
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SOME SPECIAL IM6100 HARDWARE CONSIDERATIONS 

The apparently complex System Bus of the IM6100 has some non-obvious advantages. The wealth of bus sig- 
nals makes it very easy to generate System Busses compatible with other micrpprocessors and to circumvent 
certain limitations of the IMSiOO instruction set. 

IMPLEMENTING A HARDWARE STACK 

Consider first the problem of the Jump-to-Subroutine instruction, which we described earlier in this chapter. Recall 
that the IM6100 Jurnp-to-Subroutihe instruction cannot work when programs are stored in read-only menribry, because 
the subroutine return address is stored in the first word of the subroutine — which will be a read-on)y memory location. 

We can circumvent this problem by creating a special read/write memory stack which is adafessed by an up- 
down counter. Appropriate logic is illustrated in Figure 13-28. 

Before examining the logic in this figure, let us look at what we are trying to accomplish. 

Remember, a Jump-to-Subroutine instruction contains a write machine cycle during which the Program Counter con- 
tents are stored in the first memory location of the subroutine. Timing for execution of the Jump-to-Subroutine in- 
struction with indirect addressing, along with the logic that accompanies the instruction's execution, is illustr- 
ated in Figure 13-26. Timing for direct addressing or auto-increment addressing variations of the Jump-to-Subroutine 
instruction can be readily deduced from Figures 13-12 and 13-13. 

■ ' i' ■ 

We are going to identify the Jurhp-to-Subroutine object code: then, for the rest of the Jump-to-Subroutine in- 
struction's execution, we will deflect memory write accesses to an external read/write memory stack. Timing 
and an appropriate event sequence are illustrated in Figure 13-27. Figure 13-28 illustrates the logic used to im- 
plement timing in Figure 13-27. Figure 13-28 also shows the logic used to return from subroutines; we will de- 
scribe this later. v 

In Figures 1 3-27 and 1 3-28 we use a 7474 D-type flip-flop to generate a low true select signal (QSEL). This select signal 
is used to differentiate between stack and normal memory accesses; the trailing low-to-high transition of this select 
signal is also used to increment the up-down counter, which generates the stack addre ss. Th us, any "write to stack" 
operation will be a "write and then increment address" operation. The write select signal QSEL is generated low true by 
decoding 100 on Data/Address Bus lines 11,10 arid 9, while the Data/Address Bus is carrying an instruction object 
code. We can identify this condition by the combination of IFETCH high a nd XTC h igh. This combination gehbrates the 
DIN input to the 7474 flip-flop, which is clocked by DCLK, the AND of MEMSEL and IFETCH. Since th e low-to- high 
clock transition is active, it is very important that data be stable on the Data/Address Bus until well after MEMSEL has 
made its low-to-high transition. This may be illustrated as follows: 
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Figure 13-26. IM61 00 Jump-to-Subroutine Instruction Timing 
with Indirect Addressing 
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with Stack Access Logic 



XTC 

Low-order DXO- 


DX9- 
DX10- 
High-order DX1 1- 

IFETCH 

RESET 

LXMAR 

MEMSEL- • 



MEMSEL 


-( 

> — c 



ns 





Write 
^ Select 
(low true) 

Read 

Select 


(low true) 


Figure 13-28. Using an External Stack Memory to Avoid 
IM61 00 JMS ROM Problems 
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Once QSEL has gone low, it will remain low until the next instruction fetch. DCLK will make its next low-to-hi gh tra nsi- 
tion at the beginning of T1 for the next instruction fet ch mac hine cycle, at which time DIN will be high again. QSEL will 
then go high, which is what we require. That is to say, QSEL remains low only for the non-instruction fetch machine cy- 
cles of the Jump-to-Subroutine instruction. , 

Wh ile QSEL is low, we want to divert all m emory wr ite select pulses from MEM SEL to the stack. We do this by generat- 
ing EXMSEL for st andard m emory selects. EXMSEL is generated as the OR of MEMSEL with two conditioning inputs. 
The truth table for EXMSEL may be illustrated as follows: 


DESL 

XTC 

QSEL 

EXMSEL 

Condition 

L 

L 

L 

MEMSEL 

Will never arise . 

• L 

L 

H 

MEMSEL 

Return from subroutine: non-read part of machine cycle 

L 

H 

L 

MEMSEL 

Will never arise 

L 

H 

H 

H 

Return from subroutine; read part of machine cycle 

H 

L 

L 

H 

JMS, write part of machine cycle 

H 

L 

H 

MEMSEL 

Normal machine cycle 

H 

H 

L 

MEMSEL 

JMS, read part of machine cycle 

H 

H 

H 

MEMSEL 

Normal machine cycle 


A memory read that implements indirect addressing for a JMS instruction will access normal memory; 
however, you cannot use a Jump-to-Subroutine instruction with auto-increment memory addressing, since the 
incremented address will be written back to the stack instead of being written to the auto-increment location in 
Page 0. 

A return from subroutine is executed via a Jump Indirect instruction. The Jump Indirect instruction in a normal 
PDP-8E program will reference the first subroutine word as the location in which the indirect address is stored. For our 
adaptation, we must select one memory address that is referenced by all Jump Indirect instructions that return from 
® subroutines. This may be illustrated as follows: 

IM6100 Subroutine PDP-8E Subroutine 

/PDP-8E stores subroutine return address at START 

/IM61 00 does not use this logic 

START JMP .-FI START 


/Return from subroutine 

JMP I FFF JMP I START 

We have shown the address FFF 10 being used as the single address which will always be referenced by Jump Indirect 
instructions which are returning from an IM6100 subroutine. Qur logic in Figure 13-28 will decode the address selected 
(in this case F FF 10 ) usirig the LXMAR high pulse as a strobe. Wheneve r the r equired address is detected while LXMAR 
is high, DSEL will be output low. The leading high-to-low transition of DSEL must be used as a down count trig ger for 
the up-down counter. Thus, all "read from stack" operations will be "decrement and then read" operations. The DSEL 
signal will remain low until another address is detected — that is to say, until the next occurrence of a high LXMAR 
pulse with another address on the Data/Address Bus. While DSEL is low, all memory read operations will be deflected 
to the stack and away from normal memory. See the truth table given earlier, and the logic of Figure 1 3-28 for verifica- 
tion of this logic. 

The net effect of Figure 13-28 logic is that all subroutine return addresses will be stored in an external stack. 
IM6100 and PDP-8E Jump-to-Subroutine instructions will be identical. There will, however, be differences in 
the Return-from-Subroutine instructions within an IM6100 program as compared to a PDP-8E program. A 
PDP-8E program which is to run on an IM6100 must have ail Return-from-Subroutine Jump Indirect instructions 
modified to access the single memory location which has been assigned to identify the external stack. 

SUPPORT DEVICES THAT MAY BE USED WITH THE IM6100 

Since the 8O8OA System Bus is the most useful, in that it supports the most readily available support devices, 
we will begin by looking at how 8080A-compatible signals may be generated from the standard IM6100 
System Bus. Figure 13-29 provides necessary bus conversion logic. The bus conversion is quite simple. 

The most complex portion of Figure 1 3-29 is the logic which demultiplexes the Address and Data Busses. A 1 2-bit ad- 
dress buffer must be present, using LXMAR as a latching strobe. This buffer will create the Address Bus, while DXO - 
DX1 1 otherwise implements the Data Bus. Remaining control signals are generated using simple gates. Note that no 
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attempt is made to generate signals that reproduce 8080A clock signals or exact machine cycle timing. Since the 
8080A System Bus is asynchronous, this presents no problem. So long as control signals have the required pulse 
widths and logic levels, they will. work with 8080A support devices. Thus an 8080A System Bus as illustrated in Figure 
1 3-29 can be used in a microcomputer system where the IM6100 is the CPU and 8080A support devices provide addi- 
tional logic: however. Figure 13-29 .does not generate a System Bus which could be used in a microcomputer system 
where an IM6100 and an 8080A were communicating with each other For those 8080A support devices that do need 
a clock signal, one can be derived from XTA,' XTB and/or XTC. 



Figure 13-29. IM6100 System Bus Converted to an 8b80A- 
Compatible System Bus 
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Generating 8085-compatible signals from the IM6100 bus is not so straightforward. This is because the 8085 
generates state signals SO and SI, and an 10/Memory discriminator (lO/M) whose levels must be specified for the entire 
duration of read and write machine cycles that access memory or I/O devices. The IM6100 generates RUN and IFETCH 
signals that extend for the duration of a machine cycle, but memory or I/O access control signals are not generated in 
this fashion. If you look at timing for the 8085 support devices — the 81 55, the 8355 and the 8755 — it would 
appear that the IM6100 System Bus can generate adequate control inputs for these support devices. However, 
we have no experimental verification of this fact. 

We do not recommend using MC6800 or MCS6500 support devices with the IM6100 because of the peculiar 
synchronous nature of the MC6800 and MCS6500 microcomputer systems. It would be very hard to make IM6100 
machine cycle timing conform to MC6800 or MCS6500 machine cycle timing. Moreover, MC6800 and MCS6500 sup- 
port devices are not attractive enough to make this logic exercise vyorthwhile. 


THE IM6101 PARALLEL INTERFACE ELEMENT (PIE) 

The IM6100 CPU, being a copy of the PDP-8 minicomputer, has a number of features which are not well suited 
to the average microcomputer application: but that is no fault of the IM6100 chip designer — his product was 
specified for him. The IM6101, on the other hand, is a well thought out part that goes a long way towards rec- 
tifying the problems that you are likely to encounter if you try to design logic around the IM6100 CPU. 

The IM6101 is best visualized as a control signal interface on the IM6100 System Bus, connecting an IM6100 

CPU and its support devices. This concept may be illustrated as follows: 



Conceptually, what is important about the illustration above is the fact that the IM6101 does not lie on the address or 
data path of the microcomputer system. Like a typical DMA controller, the IM6101 generates and receives control sig- 
nals, while memory and I/O devices communicate directly with the System, Data and Address Busses. 

Functionally, Figure 13-1 illustrates that part of our general microcomputer system logic which is implemented 
on the IM6101 Parallel Interface Element (PIE). 

The IM6101, like all members of the IM6100 family, is fabricated using CMOS technology: it requires a single power 
supply that may range between +4V and -F10V and is packaged as a 40-pin DIP. 
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Vcc 

INTGNT 
PRIN 
SENSE4 
SENSE3 
SENSE2 
SENSEI 
SEL3 
SEL4 
LXMAR 
SEL5 
SEL6 
XTC 
SEL7 
(DX11) DXO 
(DX10) DX1 
(DX9) DX2 
(DX8) DX3 
(DX7) 0X4 
(DX6) 0X5 


Pin Name 

Oescription 

Type 

0X0 - 0X11 

Oata and Address Bus 

Bidirectional 

LXMAR, OEVSEL, XTC 

Control signals from CPU 

Input 

SKP/INTREQ 

CPU control/interrupt request 

Output, open drain 

INTGNT 

Interrupt acknowledge 

Input 

Cl, C2 

CPU control signals 

Output, open drain 

REA01, REA02 

Read pulse lines 

Output 

WRITE 1. WRITE2 

Write pulse lines 

Output 

SEL3 - SEL7 

Individual IMG 101 select 

Input 

FLAG1 - FLAG4 

Control flags 

Output 

SENSEI - SENSE4 

Status lines 

Input 

PRIN 

Priority in 

Input 

POUT 

Priority out 

Output 

Vcc. GNO 

Power and Ground 



Figure 13-30. IM6101 Parallel Interface Element Signals and Pin Assignments 
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Flag Outputs 



Write control pulses 
Read control pulses 


^ Device identification 


^ Interrupt priority daisy chain 


Figure 13-31. Logic of the IM6101 PIE 


IM6101 PARALLEL INTERFACE ELEMENT PINS AND SIGNALS 


Figure 13-30 illustrates the pins and signals of the IM6101 Parallel Interface Element. Figure 13-31 illustrates 
the important logic components of the IM6101. 

We will begin by summarizing IM6101 signals. 

The IM6101 communicates directly w ith the IM6100 CPU via the Data/ Address Bus (DXO - DX1 1) together with the 
three control signals LXMAR, DEVSEL and XTC. As per our discussion of the IM6100 Data/Address Bus, remember that 
we number bus lines, register bits and word bits in an opposite sense to Intersil literature. Thus, in Figure 13-30, 
Data/Address Bus line signals are shown as they appear in Intersil literature, with our equivalents, in brackets, adjacent 
to them. 

Interrupt requests are transmitted to the CPU via INTREQ (which shares a pin with SKF*). The IM6101 receives in 
response the CPU interrupt acknowledge signal INTGNT. 

The CPU communicates with the IM6101 PIE via lOT instructions. The IM6101 therefore returns Cl, C2 and SKP as I/O 
controls. Recall that IM6100 I/O logic demands that the selected I/O device return I/O control signals whic h specify the 
I/O operations to occur. The IM6101 does not return CO; this signal must be generated externally. SKP shares a pin 
with INTREQ. 

The fact that INTREQ and SKP outputs share a pin presents no problem since the two signals are active at different 
times in any machine cycle. You could, if you wish, separate the two signals via the following logic: 


bEVsei- 

SKP/INTREQ- 


— fo 




•INTREQ 


■SKP 
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There is, in fact, no need for SKP/INTREQ to be separated as illustrated above. The CPU distinguishes the two signals 
on the single line via instruction tinning. 

External devices capable of transmitting data to or from the IM6100 CPU use the IM6101 READ1, READ2. 
WRITE1 and WRITE2 control outputs as read /write strobes and device select signals. That is to say, each of these 
signals will connect to a single device. A READ signal pulse will cause data to transfer from the connected device to the 
IM61 00 CPU. A WRITE pulse will cause data to flow from the CPU to the connected device. This may be illustrated as 
follows: 



tying signals selectively to power or ground. A device code of 0 is not allowed, since special internal CPU I/O instruc- 
tions use this device code. The five select lines SEL3 - SEL7 therefore allow 31 unique device codes to be specified for, 
IM6101 devices. 

The IM6101 PIE provides eight any-purpose control signals. FLAG1 - FLAG4 constitute four flag outputs which may 
be set or reset under program control. SENSEI - SENSE4 represent four status inputs which may optionally be used as 
interrupt request lines. 

When more than one IM6101 PIE is present in a microcomputer system, the PRIN and POUT signals allow daisy- 
chained priority interrupt logic to be generated. For a discussion of daisy-chain logic, see Volume T 

Figure 13-36 illustrates a large IM6100 microcomputer system that includes more than one IM6101 PIE. 


IM61 01 FUNCTIONAL LOGIC 

You access an IM6101 Parallel Interface Element using I/O instructions; this is how the IM6101 

IM6101 will interpret an I/O instruction code as it appears on the Data/Address Bus: PROGRAMMING 
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Note that the IM6101 and the PDP-8 differ in their interpretation of the I/O instruction code. 

IM6101 logic identifies an I/O instruction object code by examining Data/Address Bus bits 9, 10 and 1 1 during 
an IOTA machine cycle. Timing is illustrated in Figure 13-16. 

Now, if you look at Figure 1 3-1 6 and then examine the signals input to t he IM610 1. there appears to be a possibility for 
confusion. The only control inputs received by the IM6101 are LXMAR, DEVSEL and XTC. What is to stop the IM6101 
from being confused by an address output during the instruction fetch machine cycle? LXMAR will be high at this 
time. An address can certainly look like an I/O instruction object code: in fact, any address in the range 010-10 through 
DFF-| 0 will look like an I/O instruction object code. Since the IM6101 does not receive the IFETCH signal as an input, it 
canno t identify an instruction fetch machine cycle. There is no problem, however, because the PIE detects the subse- 
quent DEVSEL low pulse — or lack of low pulse. Indeed, an address in the range mentioned above, output duri ng an in- 
struction fetch machine cycle, may match an IM6101 sele ction cod e; however, without the subsequent low DEVSEL 
pulse, the IM6101 will not respond to this selection. Since DEVSEL is pulsed low during IOTA, but not during'an in- 
struction fetch machine cycle, possible problems of ambiguity are resolved. 

In order to determine whether or not it is selected, IM6101 logic compares I/O instruction object code bits 8 through 4 
with select inputs SEL3 through SEL7, as described earlier. 


Here is how the bits are compared: 



' DX line (Intersil numbering) 
' DX line (our numbering) 

I/O Instruction 
SEL inputs 


Control Code 
I/O Instruction 


The low-order four bits of the I/O instruction object code are used by IM6101 logic to generate 16 specific I/O 
instructions, which are defined in Table 13-4. This table shows the standard instruction mnemonics recognized by 
the Intersil assembler, together with the low-order four object code bits' settings. 


Table 13-4. IM6101 Interpretation of I/O Instruction Control Bits 3-0 


Instruction 

Control Bit 


Mnemonic 

3 

2 

1 

0 

Interpretation 

READ1 

0 

0 

0 

0 

Generate a low pulse output on READ1. 

READ2 

1 

0 

0 

0 

Generate a low pulse output on READ2. 

WRITE1 

0 

0 

0 

1 

Generate an active pulse output on WRITEI. 

WRITE2 

1 

0 

0 

1 

Generate an active pulse output on WRITE2. 

SKIP1 

0 

0 

1 

0 

Test the SENSEI status. If it is active, output a low pulse via SKP/INTREQ, to 
be interpreted by the IM6100 CPU as an SKP pulse. 

SKIP2 

0 

0 

1 

1 

Test the SENSE2 status. If it is active, output a low pulse via SKP/INTREQ, to 
be interpreted by the IM6100 CPU as an SKP pulse. 

SKIP3 

1 

0 

1 

0 

Test the SENSES status. If it is active, output a low pulse via SKP/INTREQ, to 
be interpreted by the IM61 00 CPU as an SKP pulse. 

SKIP4 

1 

0 

1 

1 

Test the SENSE4 status. If it is active, output a low pulse via SKP/INTREQ, to 
be interpreted by the IM6100 CPU as an SKP pulse. 

RCRA 

0 

1 

0 

0 

Place the contents of Control Register A on the Data Bus as data. The 
IM6100 CPU will QR Control Register A contents with the Accumulator con- 
tents. 

WCRA 

0 

1 

0 

1 

Write the contents of the Accumulator to Control Register A. 

WCRB 

1 

1 

0 

1 

Write the contents of the Accumulator to Control Register B. 

WVR 

1 

1 

0 

0 

Write the contents of the Accumulator to the Interrupt Vector register. 

SFLAG1 

0 

1 

1 

0 

Set Qutput Signal FLAG1 high and set Control Register A bit 8 to one. 

SFLAG3 

1 

1 

1 

0 

Set Qutput Signal FLAG3 high and set Control Register A bit 10 to one. 

CFLAG1 

0 

1 

1 

1 

Reset Qutput Signal FLAG1 low and reset Control Register A bit 8 to zero. 

CFLAG3 

1 

1 

1 

1 

Reset Qutpdt Signal FLAGS low and reset bit 1 0 of Control Register A to zero. 
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Let us look at the operations which may be performed when the instructions identified in 
Table 13-4 are executed. 

The two read instructions, READ1 and REA02, cause data to be transferred from an ex- 
ternal d e vice to the CPU. Timing is illustrated in Figure 13-32. The IM6101 outputs a low 
READ1 or READ2 pulse, which acts as both a select signal and a strobe signal_for_the external 
device which is to transmit data to the IM6100 CPU. The IM6101 transmits Cl low and'C? 
high to the CPU in order to identify the I/O instruction as a Read. The actual data transfer occurs directly between the 
selected device and the IM61 00 CPU via the Data/Address Bus. 

The two write instructions. WRITE1 and WRITE2, cause the IM6101 to send back Cl and C2 
high at data input time in order to signal a write operation to the IM6100 CPU. Subsequently the 
IM6101 outputs a WRITE pulse via WRITE1 or WRITE2. Under program control you may select a 
high write pulse or a low write pulse. An external device will use the write pulse both as a select 
and as a signal identifying stable data on the Data/Address Bus, which is to be read by the selected device. Timing is 
illustrated in Figure 13-33. 

Remaining IM6101 I/O instructions affect control signals and interrupt logic. 

The IM61 01 has eight control signals: four Flag outputs and four Sense inputs. The Flag outputs, 

FLAG 1 through FLAG4. are simple control outputs. Under program control, the levels of these four 
outputs can be set or reset, but the manner in which external logic uses these four signals is un- 
defined. 


The four Sense inputs, SENSEI through SENSE4, are shared by interrupt logic and control logic. 

These signals can be used by external devices to transmit control information to an IM6101. 
and/or they can be used to generate interrupt requests. When used to generate interrupt re- 
quests, the four Sense inputs constitute four independent interrupt request lines which can be in- 
dividually enabled and disabled. Under program control, you can specify that an interrupt request will occur when a 
sense line is. high, low, makes a high-to-low transition, or makes a low-to-high transition. 

The various programmable options of the iMGIOI are specified by writing controi codes to 
two controi registers. 

Controi Register A can be written into (by WCRA) or its contents can be read (by RCRA). 

Control Register A contents are interpreted as foiiows: 


IMGIOI 

CONTROL 

REGISTERS 


IMGIOI 

SENSE 

INPUTS 


IMGIOI 

FLAG 

OUTPUTS 


IMGIOI 

WRITE 

OPERATION 


IMGIOI I/O 
INSTRUCTIONS 


IMGIOI READ 
INSTRUCTION 


11 10 9 8 7 6 5 4 3 2 


-Bit No. 



Control Register A 


•1 = enable, 0 = disable SENSEI interrupts 
•1 = enable, 0 = disable SENSE2 interrupts 
•1 = enable, 0 = disable SENSES interrupts 
•1 = enable, 0 = disable SENSE4 interrupts 


( 1 = output high pulses via WRITE 1 

1 0 = output low pulses via WRITE 1 

1 1 = output high pulses via WRrTE2 
(0 = output low pulses via WRITE2 

— FLAG1 output level 
■“FLAG2 output level 

— FLAGS output level 
’“FLAG4 output level 
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Figure 13-32. An 1M6101 I/O Read Instruction’s Timing 
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Figure 13-33. An IM6101 I/O Write Instruction's Timing 
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The levels of the four Flag outputs, FLAG1 - FLAG4, are determined by the contents of the four high-order Control 
Register A bits. In addition, specific control instructions shown in Table 13-4 allow FLAG1 and FLAGS to be set or reset 
(by SFLAG1, SFLAG2, CFLAG1, CFLAG2). You can therefore modify FLAG1 and FLAGS in two ways — by executing 
specific I/O instructions, or by loading appropriate information into the flag bits of Control Register A. 

Bits 5 and 7 of Control Register A determine whether the Write output signals WRITEl and WRITE2 will pulse high or 
low when a write lOT instruction is executed. Note that you cannot program read pulse levels: a read lOT instruction 
pulses one of the read lines low. 

You use bits 0 through 3 of Controj Register A to determine whether the status inputs SENSE1 - SENSE4 are to 
function as interrupt requests or as statuses which will trigger IM6100 CPU skip control logic. You can define 
the function of each signal in any way and thus create any combination of interrupt requests and skip controls. 

Control Register B determines what wijl constitute an "active" state for each of the four individual sense in- 
puts. Each sense input has tvvo control bits in Control Register B, one of which determines whether signal level or tran- 
sition will constitute the active state.: the other control bit determines polarity. Here is Control Register B format: 


.7 6 5 4 3 2 


0 


Bit No. 


A 4^ A 


•Control Register B 


■SENSEI 
■SENSE2 ( 
■SENSE3 I 
•SENSE4 / 


1 = A high level, or a low-to-high transition is active 
0 = A low level, or a high-to-low transition is active 


■SENSEI 

■SENSE2 f 1 ~ Sense a high or a low level 

■SENSES 1 0 = Sense a high-to-low, or a low-to-high transition 

■SENSE4 ; . 


By appropriately setting the two bits of Control Register B which are assigned to any sense input, you can cause a high 
level, a low level, a high-to-low transition or a low-to-high transition to be the active sense signal state. 

Note carefully that Control Register B determines only what will constitute an active sense condition. Control Register B 
does not hold sense input information. 

You write to Control Registers A and B by executing the WCRA and WCRB instructions, respectively. Timing is 
as illustrated in Figure 13-15 for a standard device output operation. 

You can read the contents of Control Register A by executing the RCRA instruction, but you cannot read the 
contents of Control Register B. When the RCRA instruction is executed, timing conforms to Figure 13-14. 

Recall that instructions which transfer data between the IM6100 CPU and the IM6101 PIE treat the IM6101 PIE as a 
standard I/O device — selected by a 5-bit device code. READ1, READS, WRITEl and WRITES instructions, in contrast, 
select an IM6101 via a 5-bit device code, but subseque ntly ca use a data transfer to occur between the IM6100 and the 
I/O device which is connected to the selected IM6101 READ or WRITE control signal. 

There are four instructions which directly control the level of FLAG1 and FLAG3 flag out- 
puts. These four instructions are SFLAG1, SFLAG3, CFLAG1 and CFLAG3. When any one 
of these four instructions is executed, the flag output changes state during T2 of IOTA, as il- 
lustrated in Figure 13-32. In addition to changing the level of the flag output, these instructions modify the associated 
Control Register A bit. 

When you write to Control Register A (via a WCRA instruction) you can modify all four flag output levels, since 
the four flag outputs reflect associated bit levels in Control Register A. However, any changes in flag levels will occur 
during T6 of IOTA, as illustrated in Figure 13-33. 

You cannot sample the level of the Sense inputs, since there is no register which stores Sense 
input levels in the form of binary data. You must execute a SKIP instruction in order to test 
a Sense input's level. A SKIP instruction tests for an "active” Sense signpl condition. This 
"active” condition is defined within Control Register B. As explained for Control Register B, the "active" Sense signal 
condition may be a high level, a low level, a high-to-low transition, or a low-to-high transition. 


IM6101 SKIP 
INSTRUCTIONS 


IM6101 FLAG 
INSTRUCTIONS 
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A particular Sense line can be used with skip logic or with interrupt logic. If interrupt logic has been enabled for 
the 5ense line, then as soon as the active condition occurs at the Sense line, an interrupt will be requested. If interrupt 
logic has not been enabjed for the Sense line, then the active condition of the Sense input will be recorded in an inter- 
nal flip-flop. Subsequently, when a SKIP instruction identifying the Sense line is executed, a skip pulse will be 
returned to the IM6100 CPU if the "active" Sense input has occurred. The Sense flip-flop is then cleared. 

IM61 01 INTERRUPT HANDLING LOGIC 

The IM6101 has typical daisy-chain priprity interrupt logic, implemented via the PRIN and POUT signals. 

PRIN must be a hjgh input if an IM6101 is to generate an interrupt request based on one of the four sense lines. 
Therefore, the IM6i 01 electrically cjosest to the CPU must have its PRIN input connected tq 3 high logic level so that its 
interrupt request logic will always be enabled. So long as no interrupt request is active at this highest priority IM61 01 , a 
high signal will be output via POUT; it becomes the pRIN input for the next IM6101 in the daisy chain. 



Priority 2 Priority 3 

As soon as an interr upt request oc curs via one of the sepse lines at an IM61 01 , it immediately sends an out interrupt re- 
quest low level via SKP/lNTREQ; simultaneously, the IIV16ipi outputs ^OUT low, thus disabling al| interrupt request 
logic at lower priority PIEs in'the daisy chain. ' 

The IM6100 CPU acknowledges the interrupt request, providing interrupts are enabled at the CPU, by executing a 
"Jump-to-Subroutine at memory address 000" instruction. Thus, the interrupt return address is stored in memory loca- 
tion 000, and the instruction object code stored in memory location 001 becopnes the first instruction executed follow- 
ing the interrupt acknowledge. Upon acknowledging an interrupt, the IM6100 outputs INTGNT high, fhe first lOT in- 
struction executed, of any type or to any device, resets INTGNT low. We have described IM6100 interrupt logic earlier 
in this chapter. 

The IM6101 has an Interrupt Vector register which you write into via the WVR instruction. The Vector register 
contents are interpreted as follows: * 


11 10 98 76 54 3 2 1 0 Bit No. 



When an "active" condition occurs at one of the Sense inputs, and interru pt logic for th is Sense input has been 
enabled, then the IM61 01 will generate an interrupt request by outputting SKP/INTREQ low. As soon as the CPU 

acknowledges the interrupt by outputting INTGNT high, the iN]61Q1 device which has highest priority in the daisy 
chain (and is requesting an interrupt) will trap the INTGNT signal. Wheri the next I/O instruction is executed, this 
IM6101 device will place on the Data Bus the contents of the Interrupt Vector register, while simultaneously outputting 
Cl and C2 low. This causes an absolute Jump to be executed, with the contents of the interrupt vector becoming the 
address of the instruction that program logic jumps to. The location addressed by the interrupt vector should contain a 
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Jump Indirect instruction, since a single word in the interrupt service routine is allocated to each Sense line of an in- 
dividual IM61 01. This may be illustrated as follows; 


IM6100 

MEMORY 


'Memory Address 


Store return address following interrupt service routine here - 
"Disable interrupts" lOT instruction - 


VECTOR REGISTER 
CONTENTS 



jor SENSEI — 
( for SENSE2. 
: for SENSES - 


JMP I ADDR1 
^JMP I ADDR2 
*JMP I ADDR3 
^JMP I ADDR4 


Start of SENSEI interrupt service routine 


Start of SENSE2 interrupt service routine 


Start of SENSES interrupt service routine 


Start of SENSE4 interrupt service routine 



C02 




j j 







ISR1 

ISR2 

ISR3 


1 1 

1 




i 




i 

1 1 

1 . 1 




1 





000 

001 

002 

OOS 

004 


ADR1 

ADR2 

ADR3 

ADR4 


ISR1 


ISR2 


ISR3 


ISR4 


Read/Write 

memory 



ROM 


As we have just stated, the INTGNT signal output by the IM6100 CPU remains high from the time 
the interrupt is acknowledged until an I/O instruction is subsequently executed by the CPU. While 
the INTGNT signal is high, the acknowledged IM6101 device freezes its internal interrupt 
logic; that is to say, no further active transitions at Sense inputs will be recognized. Therefore, the 
Sense input which will be acknowledged is the highest priority Sense input at the instant that 
INTGNT goes high. Sense inputs have the following priority at any single IM6101 device: 


IM6101 

SENSE 

INTERRUPT 

PRIORITY 


Highest Priority; SENSEI 
SENSE2 
SENSES 

Lowest Priority; SENSE4 


Normally, an lOF instruction will be the first I/O instruction executed by the CPU within an interrupt service routine. 
This instruction disables interrupts at the CPU, where they are already disabled; therefore, it constitutes a no operation 
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I/O instruction which simply serves. to reset the INTGNT signal low. Thus, the interrupt acknowledge routine which will 
service one or more IM61 01 devices may be illustrated as follows: 

•1 

lOF /Interrupt acknowledge I/O instruction 

*INAK 


/Interrupt acknowledge routine origin 


JMP 1 

P1S1 

/PIE1, SENSEI interrupt 

JMP 1 

P1S2 

/PIEI, SENSE2 interrupt 

JMP 1 

P1S3 

VPIEI, SENSES interrupt 

JMP 1 

P1S4 

/PIEI, SENSE4 interrupt 

JMP 1 

P2S1 

/PIE2, SENSEI interrupt 

JMP 1 

P2S2 

/PIE2, SENSES interrupt 

JMP 1 

P2S3 

/PIE2, SENSES interrupt 

JMP 1 

P2S4 

/PIE2, SENSE4 interrupt 


P1S1 ADR1 
P1S2 ADR2 
P1S3 ADR3 
P1S4 ADR4 
P2S1 ADR5 
P2S2 ADR6 
P2S3 ADR7 
P2S4 ADR8 


In the instruction sequence above, INAK is the address for the first Jump Indirect instruction — the JMP I PI SI instruc- 
tion. All of the Jump Indirect instructions address memory locations which must reside on the same 1 28-word page of 
memory. The actual starting address for the interrupt service routine will be stored in the memory location addressed 
by the Jump Indirect instruction. 

You will return from an IM6101 device's interrupt service routine as described for the IM6100. You can either 
execute a CAP (Clear All Flags) instruction, an RTF (Return Flags) instruction, or an ION (Enable Interrupts) in- 
struction. Whichever one of these three instructions you select, it must be followed by a Jump Indirect via 
memory location 0 instruction. 


THE IM6102 MEDIC 


The IM61 02 MEDIC allows an IM61 00 microcomputer system to access up to 32,768 words of memory. It also 
provides bus sharing direct memory access logic, dynamic memory refresh logic and real-time clock logic. 

Memory expansion logic of the iM6102 is compatible with the DEC PDP-8/E, KM8-E memory extension option. 

The real-time clock logic of the IM6102 is compatible with the DEC PDP-8/E, DK8-EP programmable real-time clock op- 
tion. 

IM6102 direct memory access logic is not a reproduction of any PDP-8E option. 

Figure 13-34 illustrates that part of our general microcomputer functional logic which is implemented on the 
IM6102 MEDIC. 
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Figure 13-34. Logic of the iM61 02 MEDIC 

The IM6102, like all members of the IM6100 family, is fabricated using CMOS technology; it requires a single 
power supply that may range between +4V and +10V. The IM6102 is packaged as a 40-pin DIP. 

IM6102 MEDIC PINS AND SIGNALS 

Figure 13-35 illustrates the pins and signals of the IM6102 MEDIC. We will summarize these pins and signals 
before proceeding to examine their functions in detail. 

Table 13-5 identifies selected pins of the IM6102 that should be tied to power or ground when specific func- 
tions of the device are not used. 
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Vqc 

dMAen 

DMAGNT 

MEMSEL 

IFETCH 

XMEMSEL 

RESET 

Up 

XTA 
LXMAR 
XLXMAR 
XXTC 
XTC 
CLOCK 
SKP/INTX 
(DX11) DXO 
(DX10) DX1 
(DX9) DX2 
(DX8) DX3 
(DX7) DX4 



PROUT 
INTGNT 
EMA2 (EMAO) 
EMA1 

EMAO (EMA2) 

SKP/INT 

CT 

CO 

OSC OUT 
DEVSEL 
OSC IN 
DX11 (DXO) 
DX10(DX1) 
GND 

DX9 (DX2) 
DX8 (DX3) 
DX7 (DX4) 
DX6 (DX5) 
DX5 (DX6) 


Pin Name 

Description 

Type 

DXO - DX11 

Data/Address Bus 

Bidirectional, tristate 

XTA, XTC 

Machine cycle timing 

Input 

LXMAR 

External memory address strobe 

Input 

DEVSEL 

I/O Device select strobe 

Input 

IFETCH 

Instruction fetch machine cycle identifier 

Input 

MEMSEL 

Memory select strobe 

Input with pullup 

RESET 

Reset 

Input 

CO, C1, C2 

CPU control during I/O operation 

Output with open drain 

SKP/INT 

Skip control input to CPU and interrupt request 

Output with pullup 

EMAO, EMA1, EMA2 

Extended memory address 

Output 

SKP/INTX 

Skip control input and interrupt request output from IM6101 

Input with resistive pullup 

PROUT 

Daisy chain priority out 

Output with pullup 

XLXMAR 

DMA external memory address strobe 

Output with pullup 

XXTC 

DMA machine cycle timing 

Output with pullup 

UP 

DMA user pulse 

Output with pullup 

DMAEN 

DMA enable 

Input 

DMAGNT 

DMA grant from CPU 

Input 

XMEMSEL 

DMA memory select 

Output 

INTGNT 

Interrupt grant from CPU 

Input 

CLOCK 

System Clock 

Input 

OSC IN, OSC OUT 

Counter Clock 

Input 

Vcc. gnd 

Power, Ground 



Figure 13-35. IM6102 MEDIC Signals and Pin Assignments 
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Table 13-5. IM6102 MEDIC Pins that should be Tied to Power or Ground 
when Certain Functions are Unused 


PIN 

NUMBER 

PIN NAME 

REAL-TIME 

CLOCK 

ONLY 

DMA ONLY 

EXTENDED 

MEMORY 

CONTROL 

ONLY 

EXTENDED MEMORY 
CONTROL AND 
DYNAMIC MEMORY 
REFRESH 

2 

DMAEN 

GND 

USED 

GND 

GND 

3 

DMAGNT 

USED 

USED 

USED 

USED 

6 

XMEMS^L 

N/C 

USED 

N/C 

USED 

8 

UP 

N/C 

USED 

N/C 

N/C 

11 

XLXMAR 

N/C 

USED 

N/C 

USED 

12 

XXTC 

N/C 

USED 

N/C 

USED 

15 

SKP/INTX 

vcc 

vcc 

USED 

USED 

29 

DSC IN 

USED 

GND 

GND 

GND 

31 

DSC OUT 

USED 

N/C 

N/C 

N/C 

34 

C2 

USED 

USED 

N/C 

N/C 

36 

EMAO 

N/C 

N/C 

USED 

USED 

37 

EMA1 

N/C 

N/C 

USED 

USED 

38 

EMA2 

N/C 

N/C 

USED 

USED 

40 

PROUT 

USED 

USED 

N/C 

N/C 


Only one IM6102 MEDIC can be present in an IM6100 system. 


Let us first look at the IM6102 signals which connect directly with the IM6100 CPU. 

DXO - DX1 1 is the system Data/Address Bus. As in the IM6100 and IM6101 descriptions, our Data/Address Bus sig- 
nal names are shown in brackets next to names used in Intersil literature. Addresses and data will flow directly between 
the IM6102 and the IM6100, via the Data/Address Bus. when the CPU is accessing the IM6102 via the I/O instructions 
described in Table 13-6. 

Of the IM6100 control and timing signals, XTA, XTC, LXMAR, DEVSEL, IFETCH and MEMSEL are input to the 

IM6102. Note specifically that XTB and DATAF are not transmitted to the IM6102; functions performed by these sig- 
nals are implied by logic within the IM6102. 

RESET is a standard reset input. RESET input timing must conform to IM6100 reset timing. 

When the IM6102 is reset, all of its internal registers and flags are cleared. 

The IM61 02 g enerates the four I/O control si gnal s required by the CPU; CO, Cl, C2 and SKP. 

However, SKP and the interrupt request signal INT share a single pin, as is the case with the IM6101 devices. 

If IM6102 and IM6101 devices are present together in an IM6100 microcomputer system, then the IM6102 
must be the device with highest interrupt priority. IM6101 devices having lower priority will use the PROUT 
output of the IM6102 to initiate interrupt p riority daisy chain logic. Interrupt requests from IM6101 devices 
must be input to the IM6102 via SKP/INTX. The IM6102 will pass the interrupt request on to the IM6100 via 
SKP/INT at the proper time. This is illustrated in Figure 13-36. 

In order to address additional "fields" of memory, EMAO, EMA1, and EMA2 act as three high-order address lines, ex- 
tending the normal 12-bit memory address available on DXO - DX11 to a 15-bit address as follows; 


IM6102 

RESET 


High-order bit 
of 15-bit address 




O CM 
< < <• 
S S 2 


CM O 

< < < 
2 2 



Low-order bit 
of 15-bit address 

f 

o -- 
X X 




Intersil Signal Name 


Our Signal Name 
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XTB- 

RUN- 

RUN/HLT- 


INTREQ 

SKP 

IM6100 

CPU 


Q qIuIuIoIq^ 




MEMSEL 


lEEICH. 


LXMAR 


INTGNT. 


devsel! 


CT 


HQt 


IM6102 

MEDIC 


SKP/INT 


o <<< 


SEL4- 

SEL5- 

SELe- 

SEL7- 

SEL8- 


PROUT PRIN 


I/O 

DEVICE 

1A 




ttt 


a: 


IM6101 

PIE(I) 


^ISIo 




44444 


I/O 

DEVICE 


444 444 


SEL4- 

SEL5- 

SEL6- 

SEL7- 

SEL8- 


m 


I/O 

DEVICE 

2A 


44* 444 


wm 


IM6101 
PIE (2) 


3 2 


qIuIo 


♦ ft 


444 


I/O 

DEVICE 

28 


444 444 


►XDEVSEL 

»XXTC 

'SKP/INTX 

-XLXMAR 


►XMEMSEL 


-CT 


^ o ^ CN u tr 

3 < < < I- < 


Figure 13-36. An IM6100 Microcomputer System that Includes an IM6102 MEDIC 
and IM6101 PIE Device 
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Any interrupt request from the IM6102 is acknowledged by the CPU via INTGNT, the standard interrupt 
acknowledge signal output by the CPU. 

For direct m emory access and dynamic memory ref resh func tions, the IM6102 generates XLXMAR, XXTC, and 
XMEMSEL, signals derived from LXMAR, XTC and MEMSEL respectively. In addition, UP is generated as an I/O 
device pulse. 

DMAEN is a master DMA enable which must be input low to the IM61 02 to enable any DMA operation. DMAGNT is 
the standard DMA grant output by the CPU; DMAGNT is received by the IM6102, which suspends DMA operations 
if DMAGNT is high — in which case some other DMA operation, not initiated by the IM6102, is in progress. 

Counter/timer logic of the IM61 02 is driven by an external crystal which must be connected across OSC IN and 
OSC OUT. 

The IM61 02 MEDIC requires two sets of clock logic. A crystal must be connected across OSC IN and OSC OUT : 
this crystai is used by the IM6102 real-time logic onjy. The master IM6100 microcomputer system clock signal 
must also be input to the IM6102. Since no such clock signal is output by the IM6100 CPU, you must generate this 
clock signal externally. This means you cannot use. the IM6100 internal clock logic if you are ajso using an IM6102 
MEDIC. External logic must generate the clock signal, which is input to theOSC OUT pin of the IM610b CPU, and to the 
CLOCK input of the IM6102 MEDIC. 

The crystal connecting the OSC IN and OSC OUT pjns of the IM61 02 should have the followjng characteristics: 

Rs ^ 150 ohms ‘ , 

Cm = 3 to 30 fF (10-15 f) 

Cq = 10 to 50 pF (12 pF preferred) 

Static capacitance = 5 pF 


THE IM6100 - IM6102 INTERFACE 


Figure 13-36 illustrates an IM6100 microcomputer system that includes an IM6102 MEDIC and a number of 
IjyiGIOI devices (two are shown). The IM6102 has been designed on the assumption that there will be no more than 
one of these devices in a single IM6100 microcomputer system. The IM6102 will be the highest priority device in an in- 
terrupt daisy chain. 


The CPU communicates with the IM6102 device via a specific set of I/O instructions, which are summarized in 
Tab|e 13-6. A few of the I/O instructions shown in Table 13r6 are general instructions that affect all devices connected 
to an IM6100 CPU, but most of the instructions in Table 13-6 are specific to the single IM6102 device that can be pre- 
sent in the system. If you look at Table 13-6, you may notice the possibility for confusion in instruction object codes. 
First of all, none of the instruction. object codes identify ari I/O device — yet in our earlier discussipn of IM6100 I/O in- 
struction object codes we saw that five or six object code bits yvere set aside to provide device identification. This prob- 
lem is resolved in two ways: 

1) A few of the instructions shown in Table 13-6 are general I/O instructions which must be acted upon by all I/O 
devices in the IM6100 microcomputer system. Since all I/O devices will respond to these instructions, the lack of 
an I/O device code presents no problem. 

2) There is only one IM6102 device allowed per IM6100 microcomputer system. Therefore, the I/O device numbers 
which happen to be usurped by IM6102 I/O instruction object codes given in Table 13-6 must not be used for 
IM6101 devices, or any other I/O devices in the IM6100 rpicrocomputer system. That |s to say, the following I/O 
device codes cannot be used if an IM61 02 is present: 

Instruction Binary Device Code 

Mnemonics Used by IM6102 

CLZE, CLSK, CLDE. CLAB. xxxOOioixxxx 

CLEN, CLSA, CLBA, CLCA 

CDF. GIF. RDF. RIF, V /xxxOIOOOxxxx 

RIB, RMF, LIF, LCAR, f ) xxxOIOOIxxxx 

RCAR, LWCR, LEAR, REAR,/ \ xxxOIOIOxxxx 

LFSR, RFSR, SKOF, WRVR ) (xxxOIOI Ixxxx 

Five of the 31 allowed IM6101 device codes are used by the IM6102 lOT instructions, therefore a maximum of 
26 IM6101 devices may be present in an IM6100 microcomputer system that includes an IM6102. 

IM61 02 EXTENDED MEMORY CONTROL 

The IM6102 implements extended memory addressing via the simple expedient of creating three additional 
high-order address lines, over'and above the 12 address lines output on the Data/Address Bus. These three high- 
order address lines are EMAO, EMA1 and EMA2. Together with the address output on the Data/Address Bus, these 
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three address lines create 15-bit memory addresses, as illustrated earlier in dur discussion of IM6102 signals. Note 
again that since we number signals and bits in the opposite sense to Intersil literature, our signal names compare 
with Intersil signal names as follows: 



Flighest 


Lowest 


order 


order 


bit 


bit 

Intersil signal name: 

EMAO 

EMA1 

EMA2 

Our signal name: 

EMA2 

EMA1 

EMAO 


There are two 3-bit registers within the IM6102 which hold the value to be output via 
EMA2, EMA1 and EMAO. These are the Instruction Field register and the Data Field 
register. The EMA2, EMA1 and EMAO outputs will always come from one of these two 
registers. 

The Instruction Field register contents are output as three high-order address lines most 
of the time. The Data Field register contents are output as the three high-order address 
lines only during the third machine cycle of an AND, TAD, ISZ or DCA instruction — 
when the instruction is using indirect addressing to reference memory. This machine cycle is identified by the 
DATAF signal. See Figure 13-13 for DATAF signal timing. 

The DATAF signal is not input to the IM6102; logic internal to the device recognizes the third, direct addressing 
machine cycle of an AND, TAD, ISZ or DCA instruction that specifies indirect addressing. Figure 13-40 is a reproduc- 
tion of Figure 13-13, including EMA outputs of the IM6102. 

Neither the Instruction Field register nor the Data Field register contents increment 
along with the Program Counter. Suppose, for example, the Instruction Field register con- 
tains the value 3. If the Program Counter contents increment from FFF-js to 000-) 6’ the effec- 
tive address will change from 3FFF-| 0 to 3000i 5. The effective address will not increment from 
3FFF-10 to 4000-10. This means that the IM6102 memory extension logic divides memory into separate and dis- 
tinct 4096-word "fields". Since there are three extended memory address lines, there can be‘a total of eight 4096- 
word "fields", for a maximum of 32,768 words of memory. 

There are some important programming implications in the fact that the Instruction Field and Data Field register con- 
tents do not increment. We will examine these programming implications later. 

When the IM6102 is reset, the Data Field and Instruction Field registers both contain 0. 

But the Program Counter is initialized with the value FFF10 when the IM6100 is reset. 

Therefore, initial program execution begins with a bootstrap program origined at location 
FFF-10, the highest address within the first 4096-word memory field. 

Following an interrupt acknowledge, the Instruction Field and Data Field registers' con- 
tents are saved in the Save Field register, then zeros are loaded into the Instruction Field 
and Data Field registers. Thus, interrupt service routines will be origined at memory location 
1 of the first 4096-word memory field and the interrupt service routine return address will be 
stored in location 0 of this same memory field, just as though there were no additional memory 
fields present. Thus, additional memory fields have no effect on restart logic or interrupt 
acknowledge logic. 

Base page logic is reproduced in every 4096-word memory field of an IM6100 microcom- 
puter system. That is to say, a memory reference instruction that specifies base page address- 
ing will access one of the first 1 28 words within the current memory field. Moreover, auto-increment memory address- 
ing logic will apply to addresses stored in memory words OO810 through OOF-10 of every 4096-word memory field. 

Let us examine the way in which you will use the Instruction Field, Data Field and asso- 
ciated registers of the IM6102 extended memory address control logic. These registers, 
and instructions which access them, are illustrated in Figure 13-37. 
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Figure 13-37. IM6102 Extended Memory Addressing Registers and Data Paths 


Note that the Instruction Field register has a Buffer fegister. This is necessary, since the in- IM6102 

struction that loads a new value into the Instruction Field; register would otherwise cause an im- INSTRUCTION 

mediate branch into the next sequential memory location of a pew memory; field. Using arbitrary BUFFER 
memory addresses, this may be illustrated as follows; '' REOfSTER 
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A scheme such as the one illustrated above is feasible, using the LIF instruction, but, without other options, program 
logic would be difficult to handle and would severely reduce the value of extended memory. By buffering the Instruc- 
tion Field register, we can load a new memory field identifier into the Instruction Buffer register, then hold it there until 
the next Jump instruction is executed — which is supposed to cause non-sequential instruction execution anyway. 
Using arbitrary memory addresses and real instructions, this may be illustrated as follows: 


Load new field number into Buffer register 


Execute an indirect jump, but to field identified by Buffer 
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Let us now examine the ways in which we can access the Instruction Field and Data Field registers of the 
IM6102. 

Special IM6102 I/O instructions transfer data to or from IM6102 extended memory addressing registers. 

The CDF and GIF instructions are equivalent to I/O instructions with immediate addressing. These instructions specify 
(as part of the instruction object code) a 3-bit value which is to be loaded into the Data Field register or the Instruction 
Buffer register. The instruction operand must equal the immediate 3-bit value left shifted three times to reflect the 
operand bit positions in the instruction object code. For the CDF instruction this may be illustrated as follows: 



CDF 40 /Load 4 octal into D register 


This is a quirk of the Intersil assembler; it has nothing to do with IM6102 device logic. 

Timing for execution of these instructions is as illustrated in Figure 13-15. 

AND, TAD, ISZ and DCA instructions that specify indirect memory addressing go to the memory field identified by the 
Data Field register for the direct access of memory that occurs during the third machine cycle of the instruction’s ex- 
ecution; this is illustrated in Figures 13-39 and 13-40. 

When you load a new value into the Instruction Buffer register, the Instruction Field register does 
not change, and therefore program execution continues in the currently specified memory field. 

But when the next Jump or Jump-to-Subroutine instruction is executed, as part of the instruction 
execution logic, the Instruction Buffer register contents are transferred to the Instruction Field 
register, so the Jump or Jump-to-Subroutine occurs across memory field boundaries, as pre- 
viously illustrated. 


IM6102 

JUMP 

ACROSS 

MEMORY 

FIELDS 
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You do. have the option, via the LIS instruction, of directly transferring the Instruction Buffer register contents to the In- 
struction Field register. This will cause program execution to branch to the next sequential memory location in the 
newly specified memory field, as previously illustrated. 

Having examined the extended memory addressing registers Ih general, let us now look at some of the specific 
ways in which these registers work. 

First of all, recall that the Instruction Field and Data Field registers do hot increment with the Program Counter. Thus, 
program memory is divided rigidly into 4096-word fields, where you can only move from one field to another via a 
Jurnp or Jump-to-Subroutine instruction, or by executing an LIS instruction. 

Let us examine som^ of the ways in which instructions will execute out of fields other than field 0. Consider the 
DCA instruction. 

Using direct rhemory addressing, the instruction and the word that is referenced must lie in the same memofy field; the 
referenced word may be in page 0 of the field, or in the instruction's page of the field. Timing is illustrated in Figure 
13-38. 

Now consider a DCA instruction that specifies indirect addressing. The instruction and the vyord that contains the in- 
direct address must lie in the same memory field, but the ultimately accessed memory word will lie in the field specified 
by the Data Field register — which may of may not be the same field. Timing is illustrated in Figure 13-39. 

A DCA instructiori that specifies indirect addressing with auto-increment will directly reference one of the memory 
words with address 08i @ through OF-] 0 in the current field of memory. The contents of this memory location will be in- 
cremented and written back; the'lncremented value will become the address of the memory word ultimately, accessed. 
However, this memory word will be in the field identified by the Data Field register. Timing is illustrated ih Figure 
13-40. 

You also have register-to-register type instructions that access the Instruction Buffer register and the Data Field 
register. This is because the IM6100 CPU treats IM6102 extended memory addressing registers' contents as status 
flags. The GTF instruction load^ the Data Field and Instruction Buffer registers’ contents into the low-order CPU Ac- 
cumulator bits, while the RTF instruction transfers the low-order six CPU Accumulator bits to the Instruction Buffer and 
Data Field registers. Results of these instructions are illustrated in Table 13-6. 
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Figure 13-39. IM6100 DCA Instruction Timing with Indirect 
Addressing Using Extended Memory Addressing 
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IM6102 EXTENDED MEMORY PROGRAMMING CONSIDERATIONS 

Here is the necessary instruction sequence for program logic to branch from any memory IM6100 
field into memory field 3: EXTENDED 

MEMORY 

JUMP 


GIF 30 /PREPARE TO JUMP TO MEMORY FIELD 3 


CDF 20 /SET DATA FIELD TO 2 

JMP I *+1 /JUMP TO LOCATION ADDR IN FIELD 3 

ADDR 


Observe that the GIF and CDF instruction operands require the field number to be specified in bit positions 3, 4 and 5: 



The Intersil assembler assumes octal data in the operand field unless otherwise defined. 

Calling subroutines and returning from subroutines across field boundaries is not nearly as IM6100 
simple as the Jump illustrated above. The problem is that a subroutine has no way of knowing EXTENDED 
out of which field it was called. Thus, when it is time to return from the subroutine, the normal MEMORY 

return sequence will not work. Your program logic must therefore include special instructions that SUBROUTINE 

transmit to the subroutine the field number out of which the subroutine was called. The technique ACCESSES 
most commonly used is to load the program field number into the Data Field register before call- 
ing the subroutine. If we arbitrarily assume that a subroutine in memory field 1 is to be called by a program in memory 
field 4, accessing data in memory field 5, then the subroutine calling sequence can be illustrated as follows; 

/Below is the subroutine calling sequence 

CDF 40 /LOAD PROGRAM FIELD INTO DATA FIELD REGISTER 

GIF 10 /LOAD SUBROUTINE FIELD INTO INSTRUCTION BUFFERREGISTER 

JMS I SADR /JUMP TO SUBROUTINE IN MEMORY FIELD 1 

CDF 50 /AFTER RETURNING FROM SUBROUTINE, RESTORE DATA FIELD REGISTER 


SADR SUBR /12-BIT SUBROUTINE ADDRESS 

/SUBROUTINE IN MEMORY FIELD 1 BEGINS BELOW 

SUBR 0 /RETURN ADDRESS IS STORED HERE 

CLA /CLEAR ACCUMULATOR AND INPUT DATA FIELD REGISTER CONTENTS 

RDF 

TAD RET /ADD 110010000010 TO CREATE INSTRUCTION FIELD REGISTER RESTORATION 

/INSTRUCTION 

DCA EXIT /AND INSERT AT EXIT 

^ Body of subroutine occurs here 

EXIT 0 . /THIS BECOMES A GIF N INSTRUCTION 

JMP I SUBR /RETURN TO CALLING PROGRAM 

RET GIF 00 /DATA USED TO CREATE Instruction AT EXIT 

Before executing a Jump-to-Subroutine instruction, the CDF instruction loads the current program memory field num- 
ber into the Data Field register. Next, the GIF instruction loads the subroutine's memory field into the Instruction Buffer 
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register. Now when the Jump-to-Subroutine instruction is executed, a subroutine in field 1 will be accessed, since the 
Instruction Buffer register contents are transferred to the Instruction Field register. 

Instructions at the beginning of the subroutine must load the Data Field register contents into the Accumulator, then 
add the appropriate binary digit pattern to create a GIF instruction which will restore the correct Instruction Field 
register contents prior to returning from the subroutine. A memory word at location EXIT is reserved for this instruction. 
This memory word occurs directly in front of the Jump Indirect instruction, which actually causes the return to occur. 

There are two problems with the subroutine logic illustrated above. They are; 

1) A subroutine's object code must reside in read/write memory, since the return address and the memory word 
labeled EXIT are both going to be written into. 

2) Subroutines must be rewritten as soon as you add extended memory. But note that a subroutine which has been 
written to work with extended memory will also work in the absence of extended memory, providing you do not 
pass parameters to the subroutine via the Accumulator. 

If you want to store subroutines in read-only memory and have these subroutines called out of extended memory, then 
you must use an external read/write memory stack as described earlier in this chapter. You- could locate the word 
labeled EXIT on page 0, but this is a very expensive solution to the problem, since page 0 has just 1 28 memory loca- 
tions — and these get used up very quickly. 

IM6102 EXTENDED MEMORY INTERRUPT CONSIDERATIONS 

When an interrupt is acknowledged in an IM6100 microcomputer system that is using extended memory ad- 
dressing, the following events occur: 

1 ) The contents of the Instruction Buffer register and the Data Field register are transferred to the Save Field register. 
Note that the Instruction Field register contents are not saved. 

2) Zero values are loaded into the Instruction Field register and the Data Field register. 

3) The Program Counter contents are saved in memory word 0 of memory field 0. 

4) The instruction located in memory word 1 of memory field 0 is fetched and executed. 

Thus, the interrupt acknowledge scheme is the same whether or not the IM6100 microcomputer system uses 
extended memory addressing. 

The standard IM6100 interrupt acknowledge procedure would appear to pose a problem. 

From our earlier discussion of programming logic that jumps from one memory field to another, recall that you will nor- 
mally load the Instruction Buffer register with the number of the destination memory field. This number is held in the 
Instruction Buffer register until a Jump or Jump-to-Subroutine instruction is executed, at which time the Instruction 
Buffer register contents are moved to the Instruction Field register. Thus, the Instruction Buffer register and the Instruc- 
tion Field register contents will differ from the time you load a new value into the Instruction Buffer register until you 
subsequently execute a Jump or Jump-to-Subroutine instruction! During this time, if an interrupt were to be 
acknowledged, the Instruction Buffer register contents would be saved and the Instruction Field register contents 
would be lost. Subsequently, upon returning from the interrupt, you would return to the memory field identified by the 
Instruction Buffer register — which would be the wrong memory field. The memory field within which the program was 
executing when the interrupt was acknowledged was the memory field identified by the Instruction Field register. In 
order to overcome this problem, IM6102 logic disables external device interrupts (but not control panel inter- 
rupts) when any instruction that loads data into the Instruction Buffer register is executed. The IM6102 keeps 
external device interrupts disabled until a Jump or Jump-to-Subroutine is subsequently executed. Interrupts 
are also re-enabled when an LIF instruction is executed. 

The IM6102 has vectored interrupt acknowledge logic, as is the case for the IM6101 
devices. The IM6102 has an 1 1-bit Interrupt Vector register. The WRVR instruction transfers the 
contents of the CPU Accumulator to the Interrupt Vector register, but the low-order Interrupt Vec- 
tor register bit is automatically set or reset by the IM6102 counter/timer logic, as described later. 

From the discussion of IM61 00 interrupt acknowledge logic given early in this chapter, recall that 
the INTGNT signal is output high by the CPU from the time an interrupt is acknowledged until the end of the second 
machine cycle for the first I/O instruction executed following the interrupt acknowledge. IM6102 interrupt 
acknowledge logic uses the INTGNT high signal occurring during an I/O instruction's execution as a signal to 
output the Interrupt Vector register contents with Cl and C2 I/O control inputs both low. Timing conforms to 
standard I/O data input timing. 

The interrupt service routine initiation instruction sequence described earlier in this chapter for the IM6101 ap- 
plies also for the IM6102. However, the IMG 102 generates only two vector addresses, whereas the IM6101 generates 
four vector addresses. 


IM6102 

INTERRUPT 
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REGISTER 
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The logic used to return from interrupt service routines is also identical in IM6100 microcomputer systems that 
do and do not employ extended memory addressing. In both cases you return from an interrupt service routine by 
jumping indirect via the address stored in memory location 0 of memory field 0. But in a microcomputer system that 
employs extended memory addressing, your interrupt service routine's return logic must restore the Instruction 
Buffer and Data Field registers' contents from the Save Field register prior to returning from the interrupt. This is 
done via the RMF instruction, as follows; 

RMF /LOAD INSTRUCTION BUFFER AND DATA FIELD REGISTERS FROM THE SAVE FIELD 

ION /RE-ENABLE INTERRUPTS 

JMP I 0 /JUMP INDIRECT VIA SAVED ADDRESS IN LOCATION 0 OF FIELD 0 

When the RMF instruction is executed, the Save Field register contents are transferred to the Instruction Buffer and 
Data Field registers, and interrupts are disabled. When the subsequent Jump Indirect instruction is executed, the In- 
struction Buffer register contents are transferred to the Instruction Field register. Interrupts are enabled by the ION in- 
struction. Thus, program execution returns to the point of interrupt — which may be within an instruction sequence 
stored in any memory field. 

IM6102 DYNAMIC MEMORY REFRESH AND DIRECT MEMORY ACCESS LOGIC 

If you look again at the various machine cycle timing diagrams, you will see that with the exception of data output 
machine cycles, the second half of the machine cycle is used for operations internal to the CPU. This time is therefore 
available to perform a second memory access. The IM6102 uses the second half of non-data output machine cy- 
cles in order to perform a second memory access, either to refresh dynamic memory or to perform a direct 
memory access operation. Figures 13-41 and 13-42 illustrate timing for a DMA read and a DMA write, respec- 
tively. A memory refresh machine cycle differs from a DMA machine cycle only in pulse timing, as defined in the 
data sheets at the end of this chapter. Also, there is no low UP pulse during a memory refresh machine cycle. 


External devices that are accessed during a DMA operation use the Data/ Address Bus (in- 
cluding the thre e e xtended memory address signals) and three control signals: XXTC, 

XMEMSEL, and UF. XXTC becomes, in effect, a single read/write control. If this signal is 
high, then it identifies data being transferred from memory to an external device — a DMA read 
machine cycle. If XXTC is low, then a DM A write ma chine cycle is specified — data being transferred from an external 
device to memory. In either case, the low XMEMSEL pulse is interpreted as a memory enable strobe, while the lowTJP 
pulse is in terpreted as an I/O device strobe. A DMA operation will occur in an allowed machine cycle only if 
DMAEN is low on the rising edge of XTA. DMAEN is a master external DMA enable/disable control. 

iM6102 DMA logic uses these four registers: 

A 12-bit Word Count register. 

A 12-bit Current Address register. 

A 3-bit Extended Current Address register. 

A 7-bit Status register. 

The Current Address register identifies the memory location which is to be accessed during the next DMA or 
dynamic memory refresh operation. The contents of this register are incremented after each DMA or dynamic memo- 
ry refresh operation. 

The Extended Current Address register is a 3-bit register which creates the three high-order address lines of a 1 5-bit 
address. The Extended Current Address register is equivalent to the Instruction Field register of extended 
memory address control logic. Thus, during DMA or dynamic memory refresh operations, the 1 5-bit address seen by 
external memory is created as follows; 
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EMA0-EMA2 


Instruction Field register contents 


Extended Current Address register contents 


Instruction execution Instruction data input, if 

memory address needed 


Data, from memory to 
I/O device 


Figure 13-41. 1M6102 DMA Read Timing 
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But there is a significant difference between the Extended Current Address register and the Instruction Field register of 
extended memory address control logic. Under program control you can specify that the Extended Current Ad- 
dress register will increment along with the Current Address register. That is to say, when the Current Address 
register increments from FFFi 0 to OOO1 5, the Extended Current Address register can be forced to increment. Extended 
memory address control logic, in contrast, does not allow the Instruction Field register to increment when the Program 
Counter increments from FFF-|0 to OOOi0. 

Dynamic memory refresh logic requires that the Extended Current Address register be allowed to increment along with 
the Current Address register. Dynamic memory refresh requires that you load 0 into the Extended Current Address and 
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Current Address registers, which then increment as a single 15-bit Address register. Thus, dynamic memory refresh 
logic automatically moves from one memory field to the next. If the Extended Current Address register did not incre- 
ment, then in order to refresh more than one memory field, you would have to execute instructions between each 
memory field to increment the Extended Current Address register and thus select the new dynamic memory field to be 
refreshed. 

Direct memory access logic does not benefit from the fact that the Extended Current Address register contents can in- 
crement automatically. A block of data that is moved via direct memory access logic will rarely be more than 4096 
words in length. 

The Word Count register is a 1 2-bit register that must initially be loaded with the twos complement of the DMA 
block length. The Word Count register is inactive during dynamic memory refresh operations. The Word Count 
register's contents are incremented after every DMA operation. When this register's contents increment from FFFi g to 
000-| 0, an end of DMA is signaled via an appropriate Status register bit setting: optionally, an interrupt request may be 
generated. Depending on the DMA mode, DMA operations may cease at the end of a DMA block transfer, or the DMA 
operation may restart. 

The DMA Status and Control register is a 7-bit register whose contents are interpreted as follows; 


5 6 7 8 9 10 11 Intersil bit number 

6 5 4 3 2 1 0 < Our bit number 



DMA Status/Control 


0 Disable interrupts > 

1 Enable interrupts ) 


Applies only to DMA error 
condition interrupts 
(see bits 5 and 6) 


0 DMA read - Memory to port 

1 DMA write - Port to memory 


0 Do not increment Extended Current Address register 

1 Increment Extended Current Address register 


00 Refresh mode 

01 Normal DMA mode 

10 Burst DMA mode 

11 Stop 

1 Word Count register overflowed 
1 Attempt to increment beyond 32,768 memory words. 
(Field 7 Wrap Around error) 


Status/Control register bit 0 is an interrupt enable/disable bit which allows interrupt requests to be generated when er- 
ror conditions associated with bits 5 or 6 of the Status/Control register occur. 

Status/Control register bit 1 determines whether the DMA operation will be a Read or a Write. A DMA Read constitutes 
a transfer from memory to an I/O device, while a Write constitutes a transfer from the I/O device to memory. 

Status/Control register bit 2 determines whether the Extended Current Address register increments as part of a 1 5-bit 
address. If this bit is 0, then the Extended Current Address register does not increment If this bit is 1, then when the 
Current Address register increments from FFFi 5 I0 OOO10 the Extended Current Address register increments by 1. 
When the Extended Current Address register contains 111, however, it cannot increment to 000. If the Extended Cur- 
rent Address register is supposed to increment when it contains 111. then instead a "field 7 wrap around error" occurs 
and Status/Control register bit 6 is set to 1 . At this time an interrupt request will also occur if Status/Control register bit 
0 has been set to 1 . Once a field 7 wrap around error occurs. Status/Control register bit 6 can be reset to 0 by execution 
of a CAF or an RFSR instruction. A reset operation resets all Status/Control register bits to 0. 

Whenever the Word Count register increments from FFFi 0 lo OOO10, Status/Control register bit 5 is set to 1. If 
Status/Control register bit 0 has also been set to 1, then an interrupt request will accompany the Word Count register 
incrementing from FFF10 toOOOi0. If you want to identify the end of a DMA data transfer with an interrupt request, 
you do so by enabling interrupts via bit 0 of the DMA Status/Control register. When the Word Count register incre- 
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merits from FFF -|6 to OOO 10 , you have, in effect, reached the end of a DMA block — which will be identified with an in- 
terrupt request, providing the DMA Status/Control register bit 0 is 1. 

Status/Control register bits 3 and 4 allow IM61 02 DMA logic to be disabled, or one of three 
modes to be selected. 

In Refresh mode, a sequence of DMA Read machine cycles is executed; however, the UP sig- 
nal is not output a nd DMAEN as an input is ignored. Thus external logic cannot suppress dynamic memory refresh by 
inputting DMAEN low. But in refresh mode the rest of the Status/Control register is active, which means that you must 
set bit 2 to 1 if the Extended Current Address register is to increment, in which case a field 7 wrap around error will oc- 
cur if the Extended Current Address register attempts to increment from 1 1 1 to 000. 

In normal DMA mode, a D MA operation will be performed during every allowed machine 
cycle* providing DMAEN is low at the beginning of the machine cycle. However, an LWCR 
instruction must be execut ed to start a normal DMA mode operati on. As il lustrated in Figures 
1 3-41 and 1 3-42, DMAEN is sampled on the rising edge of XTA. If DMAEN is high at this time, then no DMA operation 
will occur. Logic internal to the IM6102 decodes the instruction object code which the IM6102 receives along with the 
IN/16100 in order to identify machine cycles when no memory vyrite operation is scheduled and a DMA operation can 
therefore be performed. When the Word Count register increments from FFF -15 to 000] g, a normal DMA operation 
stops, Status/Control register bit 5 is set (as already described) and if interrupts have been enabled, an interrupt re- 
quest is generated. IM6102 DMA logic remains in normal mode at this time; however, it must be restarted under pro- 
gram control by executing another LWCR instruction. Thus, the following instruction sequence will initiate normal 
DMA mode: 


IM6102 DMA 
PROGRAMMING 


IM6102 
DMA MODES 



CLA 


/CLEAR ACCUMULATOR 

< 

Q 

TAD 

DMAD 

/FETCH STARTING DMA ADDRESS 

< 

LCAR 


/LOAD INTO CURRENT ADDRESS REGISTER. CLEAR ACCUMULATOR 


TAD 

LFSR 

SR 

/FETCH STATUS/CONTROL REGISTER SETTINGS 

/LOAD INTO STATUS/CONTROL REGISTER. CLEAR ACCUMULATOR 


TAD 

LWCR 

WC 

/FETCH TWOS COMPLEMENT OF WORD COUNT 

/LOAD INTO WORD COUNT REGISTER AND START DMA OPERATION. 


Burst DMA mode is idehtical to normal DMA rnode, excdpt that when the Word Count register increments from 
FFPig to OOOig the mode immediately reverts to dynamic memory refresh. Burst mode is used when DMA opera- 
tions are being performed with dynamic memory, in which case you must be careful to keep DMA transfer blocks short 
enough not to interfere with dynamic memory decay times. Remember, while a DMA operation is being performed, no 
dynamic memory refreshes are occurring. 

In Stop mode, no DMA or dynamic memory refresh operations occur; however, any of the DMA registers may be 
accessed. 

IM6102 PROGRAMMABLE REAL-TIME CLOCK LOGIC 

The IM6102 has reldiively simple real-time clock Ibgic, which computes time intervals using pulses generated 
by an external crystal. The crystal is connected across the DSC IN and DSC OUT pins of the IM6102 device. 

Crystal characteristics were defined earlier, together with the description of IM6102 pins. 

A 12-bit Clock Counter register is at the heart of IM6102 real-time clock logic. The contents of this register are in- 
cremented at time intervals which you select under program control. By selecting the appropriate increment time inter- 
val and initial Clock Counter register value, you can compute almost any time interval up to 40,950 milliseconds. 

The Clock Counter register has an associated Clock Buffer register. You actually transfer data between the Clock 
Buffer register and the CPU Accumulator. The Clock Buffer register contents are transferred to the Clock Counter 
register to start computing a time interval. While the Clock Counter register is incrementing, you can, under program 
control, load a new value into the Clock Buffer register; the next time interval computed will then differ from the time 
interval currently being computed. 
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IM6102 real-time clock registers and the instructions which access. them may be illustrated as follows: 


1 1 

CLCA^ j 

i^CLAB 

1 1 

CLBA or CLCA:|^ j 

^ ^ CLAB 

1 1 

CLEN ^ 1 

^CLZEorCLDE 


12-bit Clock Counter register 


12-bit Clock Buffer register 


12-bit Clock Enable register 


The programmable options of the IM6102 real-time clock logic are selected by loading appropriate bits into the 
Clock Enable register. This register's bits are assigned as follows: 


01 234 56 789 10 H,'^ Intersil bit assignments 

11 10 9 8 7 6 5 4 3 2 1 0 ^ Our bit assignments 


r- 

— 





"T 


"7 

"7 

“7 

_ 'i ^ . 


A 







0 





J 1 - Master disable 
|0 - Master enable 




Stop the counter 
Stop the counter 

Increment once every 40,000 pulses 
Increment once every 4000 pulses 
Increment once every 400 pulses 
Increment once every 40 pulses 
Increment once every 4 pulses 
Stop the counter 



0 - One-shot mode 

1 - Continuous mode 

0 - Disable interrupts 

1 - Enable interrupts 


Clock Enable register bit 4 is a master enable/disable control. When set to 1 . this bit stops IM6102 real-time clock logic. 
When the IM6102 is reset, this bit is cleared; after a reset, therefore, real-time clock logic can run. The CAP instruction 
resets bit 4 to 0. 
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Clock Enable register bits 6 , 7 and 8 select the interval between increment pulses. With a 4 MHz oscillator, the time in- 
terval between Clock Counter register increments may vary between 1 microsecond and 10 milliseconds, as follows: 


Bits 

Time interval between 
increments 

8 7 6 

0 1 0 

10 msec 

0 1 1 

1 msec 

1 0 0 

100 fisec 

1 0 1 

10 fisec 

1 1 0 

1 fisec 


Following a reset, or execution of a CAF instruction, all Clock Enable register bits are reset to 0; therefore real-time 
clock logic is effectively disabled. This is because the Clock Counter register increment logic is stopped, even though 
clock logic in general has been enabled by bit 4. 

Clock Enable register bit 9 is used to seiect One-shot mode or Continuous mode. If this bit is 0, then One-shot 
mode is selected; as soon as the Clock Counter register increments from FFF<|@ to OOOi 0 , a clock overflow flag 

is set and the clock stops. If bit 9 is 1, then when the Clock Counter register increments from FFFi 0 to OOO 10 , the 
clock overflow flag is set, but the Clock Buffer register contents transfer to the Clock Counter register, which starts in- 
crementing again. 

Clock Enable register bit 11 enables or disables timer interrupts. Timer interrupts can occur when the Clock 
Counter register overflows. From our earlier discussion of the IIVI6102 Interrupt Vector register, recall that the 
low-order bit of this register is set in response to an interrupt request coming from real-time clock logic. Thus, if 
Clock Enable register bit 1 1 is set to 1 , then an interrupt request will occur whenever the Clock Counter register incre- 
ments from FFF-| 0 to OOO 1 0 . In response to an interrupt acknowledge, the address vector transmitted to the CPU will 
uniquely identify IM6102 real-time clock logic. 

Programming the IM61 02 real-time clock logic is very straightforward: it may be illustrated by the following instruction 
sequence: 

CLA 

TAD INIT 

CLAB 

TAD ENAB 

CEDE 

IM61 02 MEDIC INSTRUCTIONS 

There are a number of special I/O instructions recognized by an IM6102 MEDiC. These instructions, together 
with their object codes and.operands, are iisted in Table 13-6. Note carefully that the operands (where they oc- 
cur) consist of two octal digits. The high-order octal digit can have any value in the range 0 through 7. The low- 
order octal digit must be 0 . 

The following abbreviations are used in Table 13-6: 

AC CPU Accumulator 

AC <x-y> CPU Accumulator bits x through y inclusive. For example, AC <4-0> represents bits 4, 3, 2, 1, and 0 of 
the CPU Accumulator 

CAR Current Address register 

CBR Clock Buffer register 

CC Clock Counter register 

COF Clock Overflow status 

DF 

ECAR 
EN 
H 
IB 

IE CPU Interrupt Enable status 

IF Instruction Field register 


Data Field register 

Extended Current Address register 

Clock Enable register 

High level voltage — positive logic "I” 

Instruction Field buffer 


/CLEAR THE ACCUMULATOR 

/LOAD STARTING VALUE INTO THE CLOCK 

/COUNTER BUFFER 

/LOAD CONTROL CODE INTO THE CLOCK 
/ENABLE REGISTER AND START THE CLOCK 
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IIFF .Interrupt Inhibit Flip-Flop (IM61 02 internal interrupt enable/disable status) 

L Low level voltage — positive logic "0" 

LINK CPU Link status bit 

n An octal operand digit in the range 0 through 7 

SF Save Field register 

SF <2,1,0> Save Field register bits 2, 1. 0 

SF <5,4,3> Save Field register bits 5, 4, 3 

SR DMA Status register 

SR6 . DMA Status register bit 6 — the Field 7 wrap around carry error bit 

SR5 DMA Status register bit 5 — the Word Count Overflow error bit 

VR Interrupt Vector register 

WCR DMA Word Count register 

XXX Three bits of object code corresponding to "n", described above 

[ ] Contents of location enclosed within brackets 

A Logical AND 

V . Logical OR 

Data is transferred in the direction of the arrow 
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Table 13-6. IM6102 MEDIC I/O Instructions 


TYPE MNEMONIC 


CONTROLS TO -CPU 


OPERATION PERFORMED 


[SR5]^,[SR6]>-0,[C0Fl— O.lENl— O.ICBRI— 0 
Qear all flags: clear Word Count Overflow error bit, Reid 7 wrap around carry error bit, and Clock 
Overflow flag: clear Clock Enable register and Clock Buffer, 


62n1 

llOOIOxxxOOl 

62n2 

llOOIOxxxOlO 

62n3 

IlCWlOxxxOII 

6004 

C04 


tDF]-n 

Load Data Reid register immediate 
[IB]*— n 

Load Instruction Reid buffer immediate 
[DFl—n, [IB]— n 

Load Data Reid register and Instruction Reid buffer immediate 
Read flags into CPU Accumulator as follows: 


11 10 9 8 7 6 5 


X X X X X X 


CPU Accumulator 


Save Field registers 


These are from IMS 102 MEDIC 


LINK INTREQ IE 


• These are from IMS 100 CPU 


H H H H 


H H H H 


H H . H H 


[IF]— [IB] 

Load Instruction Reid register, re-enable interrupts 
[AC<5-3>]— [AC<5-3>]V [DF] 

OR Data Reid register into bits 6, 5, 4, and 3 of the CPU Accumulator 
[AC<5-0>]— [AC<5-0>]V [SF] 

Save Reid register into the low-order 6 bits of the CPU Accumulator 
[AC<5-3>]— [AC<5-3>]V [IF] 

OR Instruction Reid register into bits 5, 4, and 3 of the CPU Accumulator. 

[IB]— [SF<5,4.3>], [DF] — [SF<2.1,0>] 

Restore memory field. The Instruction Buffer will load the Instruction Reid after the next JMP, 
JMS, or LIF instruction. 

Return flags from CPU as follows: 


1110 98765432 1 0 


X X X X X X 


CPU Accumulator 


After the next JMS, JMP, or UF instruction, interrupts wil be enabled and the Instruction Buffer 
will load the Instruction Reid. 
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Table 13-6. IM6102 MEDIC I/O Instructions (Continued) 


TYPE 

MNEMONtC 

OPERAND 

OBJECT 


CONTROLS 

TO 

CPU 

OPERATION PERFORMED 

CODE 

im 







LCAR 


6205 

L 

H 

H 

H 

■ 

■ 

[CAR] — [ACl; tACl— 0 




CSS 







Transfer CPU Accumulator contents to Current Address register, then clear Accumulator. 


LEAR 

nO 

62n6 

H 

H 

H 

H 



[ECARl — n 

s 



IIOOIOxxxllO 







Load the Extended Current Address register immediate. 

Z 

LFSR 


6245 

n 

H 

H 

H 

B 


(SRI — [AC<4-0>]: [AC]-0 

u 



CAS 

■I 






Transfer low-order five bits of CPU Accumulator contents to DMA Status register, then clear 

if) 

CO 










Accumulator. 

tti 

O 

LWCR 


6225 


H 

H 

H 

B 


[WCRl — [AC]; [AC]— 0 

< 

■■ >- . 

RCAR 


C95 

6215 

■ 

■ 

H 

H 

■ 

■ 

Start DMA and clear Word Count Overflow status. Transfer CPU Accumulator to DMA Word Count 

register then clear Accumulator. 

o 



C8D 


B 





Transfer Current Address register contents to the CPU. 

. s 

ttl 

REAR 


6235 

H 

B 

H 

H 



[AC<5-3>]— [AC<5-3>] V [ECAR] 

s 



C9D 


B 





OR Extended Current Address register contents with CPU Accumulator bits 5, 4, and 3. 

w 

a 

til 

.cc 

RFSR 


6255 

H 

B 

H 

H 

B 


[AC<6-0>]— [AC<6-0>]V [SRl: [SR6]— 0 



CAD 







OR DMA Status register contents with CPU Accumulator bits 6-0; then clear bit 6 of the DMA. 

o 








H 


Status register. 


SKOF 


6265 

H 

H 

H 

L/H 



If DMA Word Count register has overflowed, return low SKP pulse. 




CBS 









CLAB . 


6133 

H 

H . 

H 

H 

■ 

B 

[CBR] — [AC]; [CC]— [CBR] 




C5B 





I 

1 

Transfer the CPU Accumulator contents to the Clock Buffer register, then transfer the Dock 

Buffer register contents to the Clock Counter register. 


CLBA 


6136 

n 

D 

H 

H 



[AC]— [CBR] 

u 

o 



C5E 

■ 

B 





Transfer the Clock Buffer register contents to the CPU Accumulator 

te 

f- 

CLCA 


6137 

B 

B 

H 

H 

B 


[CBR] — [CC]; [AC]— [CBR] ' 

z 

o 



C5F 







T ransfer the Clock Counter register contents to the Clock Buffer register, then transfer the Clock 

o 








m 


Buffer register contents to the CPU Accumulator. 

u 

o 

CLDE ’ 


6132 

H 

H 

H 

H 

■ 


[EN] — [EN]V [AC] 

o 



C5A 







Set to 1 all Clock Enable register bits which correspond to 1 bits in the CPU Accumulator 

Ul 

s 

CLEN 


6134 

n 

D 

H 

H 

H 


[AC]— [EN] 

H - 



CSC 

B 

B 





Transfer Clock Enable register contents to the CPU Accumulator 

•J 

< 

CLSA 


6135 

B 

B 

H 

H 

m 


[AC]-0; [AC<11>] — [COF]; [COF]— 0 

lU 

CC 



C5D 





■ 

B 

Clear CPU Accumulator, transfer Clock Overflow Rag to high bit of Accumulator, and then reset 

Clock Overflow Flag 


CLSK 


6131 

H 

H 

H 

L/H 



If Clock Overflow Flag is set return a low SKP pulse. 


CUE 


C59 

H 

H 

H 

H 

H 


[EN]— [EN] A [AC] . 




C58 

■ 


Reset to 0 all Clock Enable register bits which correspond to 1 bits in the CPU Accumulator. 


WRVR 


6275 

■ 

H 

H 

H 

■ 

■ 

[VR]— [AC<11-1>]; [ACl— 0 

3 o 



CBD 







Transfer upper 10 bits of CPU Accumulator to the Interrupt Vector register, then clear Ac- 

Sh 

1- o 
z o 




1 




1 

1 

cumulator. 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 

. IM6100 CPU 
. IM6101 PIE 
. IM6102 MEDIC 
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IM6100 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

IM6100/C f4.0Vto t-7.0V 

Operating Temperature Range 



IM6I00A f4.0V to 11.0V 

Commercial 

0°Cto+75°C 

Input or Output Voltage Applied 

GND -0.3VtoVcc +0.3V 

Industrial 

-40°C to +85'’C' 

Storage Temperature Range 

-65 Cto +125 C 

Military 

-55‘’Cto +125°C 

DC CHARACTERISTICS V,, = 5.0V t 

10% (IM6100), 10.0V ± 10% (IM6100A),T* = Commercial, Industrial or Military 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage 



70% V„ 




Logical “0" Input Voltage 





20%Vcc 


Input Leakage 


OV « V,„ « Vec 

-1.0 


1.0 


Logical "1" Output Voltage 


loUT=0 

V„-0.01 




Logical "I” Output Voltage 

Vqhi 

Iqh” “0.2mA 

2.4 




Logical "0" Output Voltage 

VoL2 

lour “0 



GND +0.01 


Logical “0” Output Voltage 

VoLI 

loL =1.6 m A 



0.45 

V 

Output Leakage 

Iq 

OV s; V„ ^ V„ 

-1.0 


1.0 

aA 

Supply Current 

Ice 

Vec = 5.0 volts 



2.5 

mA 



Vec = 10.0 volts 

Cl= 50 pF; TA = 25»C 

Fclock = Operating Frequency 


H 

10.0 

mA 

Input Capacitance 

C,N 





pF 

Output Capacitance 

.if 



8.0 


pF 



XTB 

XTC f 


IMS1C0 TIMSNG AND STATE SIGNALS 


AC CHARACTERISTICS (T* = 25° C) , Derate 0.390/°C 


PARAMETER 

SYMBOL 

IM6100 

Vec = 5.0 

Ic = 4MHz 

IM6100A 

Vec = 10.0 

U = 0 MHz 

IM6100C 

Vec = 5.0 
ic = 3.3MHz 

UNITS 

Major State Tbne ' - 

■ . '.T, 

V-SOO'.;'-.,, 


lurJ:.. 

, .■ .'.na„.,'lv 

UMAR Pulse Width 

tt 

240 

120 

280 

ns 

■ ■'"■Addnte8Se(MS'rii»B':‘l 



Tw-^^w:':3a' rr- 



Address Hold Time 

Uk 

250 

125 

280 

ns 

AcoBwTimFtiOfnLXIMR ' 

: - -.ViV' 

600 

: 2S0 . 

: r;,*Po 


Output Enable Time 

tcN 

240 

120 

280 

ns 

Read Pulsa Width 


'TOO 

;O'5?viH350 +,+■;. 

_..'r TBOOr^r^T','';; 


Write Pulse Width 


240 

120 

280 

ns 

' Data Setup Tima - ' 

toJ.+ ■■ 

-240 . 


.:V.' 


Data Hold Time 

tcH 

100 

50 

160 

ns 


Data sheets on pages 13-D2 through 13-D6 reprinted by permission of Intersil. Incorporated. 
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IM6101 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Operating Temperature Range 

'M6101 +8.0V Industrial -40’’C to 85°C 

IM6101A +12.0V Military -55“C to 125‘’C 

Applied Input or Operating Voltage Range 

Output Voltage GND - 0.3V to Vcc +0-3V IM6101 4V to 7V 

Storage Temperature Range -65“Cto150°C IM6101A 4Vtol1V 


DC CHARACTERISTICS Vcc = Operating Voltage Range Ta = Temperature Range 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage 

V|H 


70% Vcc 



V 

Logical "0" Input Voltage 

V|L 




20% Vcc 

V 

Input Leakage 

l|L 

0V<V|N<Vcc 

-1.0 


1.0 

liA 

Logical "1" Output Voltage 

VOH2 

lOUT "0 

Vcc -0.01 



V 

Logical "1" Output Voltage 

VOHI 

•oh = ^ niA 

2.4 



V 

Logical "0" Output Voltage 

VOL2 

'out = c 



GND + 0.01 

V 

Logical "0" Output Voltage 

VOLI 

'OL ■ 2.0 mA 



0.45 

V 

Output Leakage 

Iq 

QV<Vo<Vcc 

-1.0 


1.0 

juA 

Supply Current 

•cci 

V|N=VcC 


1.0 


/iA 


ICC2 

VCC=5V f,M 6100 = 4MHz 


1.0 


mA 

Input Capacitance 

ci 



5 

7 

Pf 

Output Capacitance 

Co 



8 

10 

Pf 

Input/Output Capacitance 

C|D 



8 

10 

Pf 


AC CHARACTERISTICS Ta = 25*C Cl = 50pf 


PARAMETER 

SYMBOL 

CONDITIONS 

Delay from DEVSEL to READ 

tDR 

IM6101 Vcc = 5V 
IM6101A Vcc= lOV 

Delay from DEVSEL to WRITE 

tDW 

IM6101 Vcc = 5V 

IM6101A Vcc= 10V 

Delay from DEVSEL to FLAG 

tDF 

IM6101 Vcc = 5V . 
IM6101A Vcc= 10V 

Delay from DEVSEL to Cl, C2 

tDC 

IM6101 Vcc = 5V 
IM6101A Vcc= 10V 

Delay from DEVSEL to SKP/INT 

tDI 

IM6101 Vcc = 5V 
IM6101A Vcc= 10V 

Delay from DEVSEL to DX 

tDA 

IM6101 Vcc = 5V 
IM6101A Vcc= 10V 

LXMAR pulse width 

tLXMAR 

IM6101 Vcc = 5V 
IM6101A Vcc= 10V 

Address setup time 

tADDS 

IM6101 Vcc=5V 
IM6101A Vcc= 10V 

Address hold time 

tADDH 

IM6101 Vcc = 5V 
IM6101AVcc=10V 

Data setup time 

tDS 

IM6101 Vcc = 5V 

IM6101A Vcc= 10V 

Data hold time 

tDH 

IM6101 Vcc = 5V 
IM6101A Vcc= 10V 

1 
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IM6101 


TIMING DIAGRAM 

Timing for a typical lOT transfer is shown below. During 
I FETCH the processor obtains from memory an lOT 
instruction of the form 6XXX. During the IOTA the 
processor places that instruction back on the DX lines 
@ and pulses LXMAR transferring address and control 
information for the lOT transfer to all peripheral devices. 
A low going pulse on DEVSEL while XTC is high @ is 
used by the addressed PIE along with decoded control 


information to generate Cl, C2, SKP and controls for data 
transfers to the processor. Control outputs READ1 and 
READ2 are used to gate peripheral data to the DX lines 
during this time. A low going pulse on DEVSEL while XTC 
is low @ is used to generate WRITE1 and WRITE2 
controls. These signals are used to clock processor accumu- 
lator instruction data into peripheral devices. 


- lOT INSTRUCTION - 







Sense FF are sampled 
when LXMAR is high by 
the PIE. 


interrupts are sampled by 
the IM6100 on the rising 
edge of T2. 


DX data, CO, C1,C2, and 
SKP are read by the IM6100 
on the rising edge of T3. 


All PIE timing is generated from IM6100 signals LXMAR, 
DEVSEL, and XTC. No additional timing signals, clocks, 
or one shots are required. Propagation delays, pulse width, 
data setup and hold times are specified for direct inter- 
facing with the I M61 00. 
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IM6102 


ABSOLUTE MAXIMUM RATINGS 


IM6102I 

Supply Voltage 

8V 

IM6102M 

Input or Output Voltage applied 

GND-0.3V toVQQ + 0.3V 


Storage Temperature Range 

-65°Cto+150°C 


Operating Temperature Range 

IM6102l-40°Cto+85‘’C 
IM6102M -55°Cto+125°C 


Operating Voltage Range 

4-7V 


DC CHARACTERISTICS Vcc = 5.0V±10% 

Ta= Industrial or Military 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage 

V|H 


Vcc-2.0 



V 

Logical "0" Input Voltage 

VlL 




0.8 

V 

Input Leakage 

l|L 

OV ^ V|(sJ ^ Vec "ceP* P'f** 29, 31 

-1.0 


1.0 

AiA 

Logical "1" Output Voltage 

VOH 

lO.H ~“0-2 mA except pins 32, 33. 34 

2.4 



V 

Logical "0" Output Voltage 

VOL 

Iql = 2.0mA 



0.45 

V 

Output Leakage 

lo 

OV < Vo < Vec 

-1.0 


1.0 

pA 

Supply Current 

Ice 

Vcc = 5.0V 



2.5 

mA 



Cl = 50pF;TA = 25°C 







FclOCK “ Operating Frequency 





Input Capacitance 

C|N 




8.0 

pF 

Output Capacitance 

Co 



1 

10.0 

PF 


AC CHARACTERISTICS 

Vcc = 5.0V±10% Ta = Industrial or Military Cl = 50pF fc = 4MHZ : Ts = 2/fc = 500ns All times iri ns 


PARAMETER 




I2EQI 

PARAMETER 



IQQI 


LXMAR pulse width IN 

«LIN 

250 



LXMAR* pulse width 

tLD 


250 


XTA pulse width IN 

tXAl 

500 

150 


DMA READ access time: 





Address setup time IN: DX-LXMAR (1) 

tAIS 


100 


LXMAR* U)-UP (t) 

IDRAT 


500 


Address hold time IN: LXMAR (U-DX 

'AIH 


100 


DX & EMA address setup time 

IDXAS 



* 

Data output enable time: 





wrt LXMAR* (i) 

tEMAS 




DEVSEL (l)-DX 

Controls output enable time: 

IDEM 


200 


DX & EMA address hold time 

tDXAH 


125 


DEVSEL (l)-lines CO, Cl, C2, S/I 

tCEN 


100 


wrt LXMAR* (t) 

lEMAH 


125 


Write pulse width IN 

tDVW 


75 


DMA READ enable time: 









MEMSEL* (;)-UP(t) 

tDREN 


375 


Data Input setup time: DX-DEVSEL (t) 

IDIS 


0 







OaU input hold time: DEVSEL (t)-OX 

tDIH 


50 


UP pulse width DMA READ 

tRUP 


250 


RESET input pulse width 

tRST 


100 


DMA WR ITE access time: 









LXMAR* (D-MEMSEL* (T) 

tDWAT 


500 


. SKP/INTX to SKP/INT 










propagation delay 

tSID 


100 


DMA WRITE enable time: 










UP(1)-MEMSEL* (t) 

1DWEN 


375 


DMA control signals delay: XTC-XTC*; 










MEMSEL-MEMSEL*, LXMAR- 





MEMSEL* setup time DMA WRITE 





LXMAR* 

tDMLX 


100 


MEMSEL*(1)-LXMAR* (i) 

tMWS 


125 


Enable/Disabla ‘time from - 





DMAEN setup time w.r.t! XTA (t) 

‘DMS 


50 


DMAGNT to EMA lines . 

tDEM 


100 


DM AEN hold time w.r.t. XTA (T) 

tDMH 


50 


MEMSEL* pulse width • DMA READ 

tMDR 


500 


UP pulse width DM A WR ITE 

tWUP 


500 


MEMSEL* pulse width - DMA WRITE 
MEMSEL* pulse width • 

tMDW 


625 







DMA READ/REFSH 

MEMSEL* pulse width • 

tMDRR 


500 







DMA WRITE/REFSH 

tMDWR 


375 
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SDMA OPERATIONS TIMING 


DMA READ 

LXMAR* 




\ 


UP 


DMA WRITE 

LXMAR* M 


^V|H 



MEMSEL* 

“A 

UP 

DMA 

READ/REFRESH ,d„ux- 





UP 

DMA 

WRITE/REFRESH 



\ 

tOMLX- 

UP 

tLIN — 

LXMAR 



MFMtPI 
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Chapter 14 

THE 8X300 (OR SMS300) 


We have described this product in previous editions under the designation SMS300. However, its rrianufacturer 
now caiis it 8X300, and that is the standard part number. 

The 8X300 is described by its manufacturer as a "microcontroiler" rather than a "microprocessor". This distinc- 
tion draws attention to the unique capabilities of the 8X300 which make it the most remarkable device de- 
scribed in this book. 

The 8X300 is designed to serve as a signal processor or logic controller, operating at very high speed. The 
8X300 can handle applications of this type at more than ten times the speed of most other devices described in 
this book. On the other hand, the 8X300 has a very limited ability to access read/write memory, or to perform 
arithmetic operations — particularly when handling multibyte arithmetic. 

If yours is a high-speed, signal processing application, then give the 8X300 serious consideration; otherwise, the 
8X300 is probably not for you. 

We describe the 8X300 in Chapter 1 4 because it lies between the 8-bit microcomputers, which we have just described, 
and the 16-bit devices described beginning with Chapter 15. The 8X300 accesses program memory as 16-bit words, 
while accessing data in 8-bit units. 

Although Scientific Micro Systems was originally considered the prime source for the 8X300 (then known as 
the SMS300), the only manufacturer of 8X300 parts to date has been Signetics. Signetics has always manufac- 
tured parts for itself and for Scientific Micro Systems, even through Signetics was looked upon as the second source. 
The second source designation came from the fact that the part was initially designed by Scientific Micro Systems, 
which contracted with Signetics for production. Scientific Micro Systems no longer sells the 8X300 or related compo- 
nents. 

All 8X300 devices are manufactured using bipolar technology. For this reason, devices have very fast logic; but conver- 
sely, they consume a great deal of power. 

At present, the sole source for 8X300 components is: 

SIGNETICS 
P.O. Box 9052 
811 E. Argues Avenue 
Sunnyvale, CA 94086 

THE 8X300 MICROCONTROLLER 

Figure 14-1 illustrates that part of our general microcomputer logic which is implemented by the 8X300 Micro- 
controller. Figure 14-2 provides a functional overview of this device. 
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8T32/3/5/6 


Arithmetic and 
Logic Unit 


Accumulator 

Register<s) 


Instruction Register 


Control Unit 


ROM Addressing 
and 

Interface Logic 


I/O Ports 
Interface Logic 


8X300 Microcontroller 


Logic to Handle 
Interrupt Requests 
from 

External Devices 


Data Counterls) 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Interrupt Priority 
Arbitration 


RAM Addressing 
and 

Interface Logic 


I/O Communication 
Serial to Parallel 
Interface Logic 


Read/Write 

Memory 


Read Only 
Memory 


Programmable 

Timers 


Figure 14-1. Logic of the 8X300 Microcontroller and 8T32/3/5/6 


The 8X300 is manufactured using bipolar LSI technology: it is packaged as a 50-pin DIP. A single -I-5V power supply is 
required. 

Using a 150 nanosecond clock, instructions execute in 250 nanoseconds. However, comparing 8X300 instruction ex- 
ecution times with other microcomputer instruction times can be misleading. A single 8X300 instruction, when simply 
manipulating data, can be the equivalent of five "typical" microcomputer instructions: on the other hand, it may take 
four or more 8X300 instructions to perform a memory access which could be accomplished using one "typical" 
microcomputer instruction. 

It is important to note that the very fast 8X300 clock demands external logic with appropriately fast response times. 
You are therefore highly restricted in the size of memory, and the type of I/O device which you can include in an 8X300 
microcomputer system. 
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Ffgure 14-2. A Logic Overview of the 8X300 Microcontroller 



8X300 ADDRESSABLE REGISTERS 

Addressable registers of the 8X300 may be illustrated as follows; 
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The seven General Purpose registers and the Auxiliary register constitute eight primary Accumulators. The 

result of any ALU operation may be stored in the Auxiliary register, or in any one of the seven General Purpose registers. 
ALU operations that require a single data input may receive this input from any General Purpose register, or from the 
Auxiliary register. ALU operations that require two data inputs will receive the second data input from the Auxiliary 
register only. 

The 8X300 IVB Bus is equivalent to a microprocessor Data Bus. The IVB Bus buffer operates as a source or destina- 
tion for data in the same way as a general purpose register; it can be the destination of an ALU operation, or jt can be 
the source for one ALU input. Strictly speaking, the IVB Bus buffer is not a programmable register, in that there are no 
instructions that will sinhply load data into the IVB Bus buffer or read data out of the IVB Bus buffer. However, any in- 
struction that outputs data on the IVB Bus or reads data off the IVB Bus will also write into the IVB Bus buffer. 

The strange general purpose register numbering reflects instruction object code interpretations which we will describe 
later in this chapter. 8X300 assembly language uses register designations to identify a number of operations that have 
nothing to do with programmable registers; do not be confused. 

The Program Counter is thirteen bits wide; thus, a total of 8192 program memory words may be addressed. The 

Program Counter is one feature of 8X300 logic which is not unusual; at all times, this register addresses the next pro- 
gram memory location from which an instruction code will be fetched. 

Manufacturer's literature describes an Instruction Address register, but this is not a programmable register; it is simply 
a location within which effective program memory addresses are computed before being output to the program memo- 
ry. • 

Observe that the 8X300 has po Data Counter. Stack Pointer, or other logic via which external data memory can 
be addressed. I' - , 

8X300 STATUS FLAGS 

The 8X300 has a single status flag, referred to in the manufacturer's literature as the Overflow (OVF) flag. This flag is, 
jn fact, a Carry status, as we would define it. 

In keeping with the generally unusual architecture of the 8X300, the Overflow status flag is addressed as though it 
were the low order bit of General Purpose Register 8 (10 octal). 

8X300 MEMORY ADDRESSING 

The 8X300 can access program memory and I/O devices; the 8X300 has no logic capable of addressing data 
memory. 

Program memory is addressed in 16-bit words; up to 8192 words of program memory can be 
addressed. You can address program memory in order to fetch instruction object codes, but 
that is all. You cannot store data tables in program memory, because there is absolutely no 
way of transferring the contents of a program memory word to any data register. Also, there is 
absolutely no way in which you can vyrite into program memory. 

All data and external logic is addressed as 8-bit data units, via 512 I/O port addresses. If 

you want to have read/write memory present in an 8X300 system, you must set aside a block 
of contiguous I/O port addresses in order to select individual bytes of read/write memory; 
alternatively, you must access 8-bit buffers, via I/O port addresses, in order to create the 
memory address and Data Busses which are needed by external read/write memory. For example, you could address 
65.536 bytes of external read/write memory by allocating two 8-bit I/O ports to hold 1 6 bits of data which will create a 
memory Address Bus; a third 8-bit I/O port must be set aside as a buffer, holding data being written out to external 
memory or being read from external memory. 

The 8T32/3/5/6 Interface Vector Bytes (IV Bytes), which are described later in this chapter, have 
been designed to operate as I/O ports, read/write memory and the 8X300 Microcontroller external 
logic interface. Because of the unique architecture of the 8X300, and particularly because of its 
very high speed, you vvill probably find that the IV Bytes currently have no substitutes in any 8X300 microcomputer 
system. 

Looking at the 8X300 from the frame of reference of any other microcomputer described in 
this book, an IV Byte is a simple, 8-bit parallel I/O port. But unlike the I/O ports of other 
microprocessors, 8X300 instructions that access an I/O port do not identify the I/O port that is 
to be accessed. You must first execute an instruction which selects an I/O port; then any in- 
struction which specifies an I/O port access will access the most recently selected I/O port. You can have two I/O ports 
simultaneously selected, since the 8X300 divides a total of 512 addressable I/O ports into a left bank and a right 
bank: — within each bank a single IV Byte can be selected. 


8T32/3/5/6 
IV BYTE 
ADDRESSING 


8T32/3/5/6 
IV BYTES 


8X300 

PROGRAM 

MEMORY 

ADDRESSING 


8X300 

DATA and I/O 
ADDRESSING 
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As we have already stated, if you want to have read/write memory present in an 8X300 microcomputer system, you 
must create the address and Data Bus required by the external read/write memory using IV bytes. This is no different 
than using I/O ports of any other microcomputer system described in this book in order to create Address and Data 
Busses. The reason the 8X300 can get away with such an apparently clumsy method of accessing read/write memory 
is because of the very high speed of instruction execution — and because of the fact that the 8X300 is simply not 
designed for data manipulations that use a lot of read/write memory. For the type of signal processing and logic control 
applications that are well suited to an 8X300, 512 bytes of external read/write memory will be more than sufficient. 




8X300 PINS AND SIGNALS 

8X300 pins and signals are illustrated in Figure 14-3. 

Signetics literature numbers bits and busses beginning with 0 for the high-order bit or line. We number bits and busses 
in the opposite direction, with 0 representing the low-order bit or line. In Figure 14-3, therefore, signals are identified 
first with the nomenclature used by Signetics documentation, then in parentheses with the signal name using our 
numbering system. Furthermore, all bit numbers throughout this chapter refer to our numbering system/ 

All addresses are output to program memory via the Address Bus lines AO - A1 2. Note carefully that addresses 
cannot be output via AO - A1 2 to data memory. The only time an address will be output via the Address Bus is dur- 
ing an instruction fetch operation. The fetched instruction object code will be returned via the sixteen instruction 
pins, 10-115. 

IVO - IV7 is a combined Address and Data Bus via which external logic is accessed by the 8X300. You wilj find it 
easiest to understand this bus if you visualize it as a multiplex I/O port address and I/O Data Bus. 
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The two control signals. RB and LB, may be looked upon as an extension to the IVB Bu s when an I/O port address 
is being output via this bus. Whenever an address is being output on the IVB Bus, either RB or LB will be low, while the 
other signal is high. You can use these two signals in order to decode the address on the IVB Bus as selecting one or 
two of the 256 I/O port banks. We will describe how to output I/O port addresses, as against data, later in this chapter. 


The WC and SC control outputs further define the contents of the IVB Bus as follows: 

SC WC 

0 0 Data is input to the 8X300 via the IVB Bus 

0 1 Data is output on the IVB Bus by the 8X300 

1 0 An I/O port address is output on the IVB Bus by the 8X300 

1 1 Never output 


MCLK is a synchronizirig clock signal which is output as a high pulse during the last quarter of every instruction cy- 
cle. 

The HALT and RESET signals are absolutely standard. 

When HALT is input low, the 8X300 will cease executing instructions until HALT is input high again. 

When RESET is input low and is held low for at least one machine cycle, the Program Counter contents are set to zero; 
subsequently, program execution will begin again with execution of the instruction stored in memory location zero. 

The two Inputs XI and X2 are used either to connect a crystal or a capacitor. If the 8X300 Microcontroller is being 
used at maximum speed (125 nanosecond signal frequency) then you must connect a crystal across XI and X2. If you 
are using a slower clock, then a capacitor connected across these two inputs will suffice. 

8X300 INSTRUCTION EXECUTION AND TIMING 

8X300 instructions are executed in either one or two machine cycles. Minimum instruction cycle time is 250 
nanoseconds. Each instruction cycle is divided into 62.5 nanosecond quarters as follows: 

One machine cycle (250 ns) 


MCLK 


r 

I 


Vi 


First 

Quarter 

Input 

instruction 
via 10-115 


Second 

Quarter 


Third 

Quarter 


Input data via 
IVB Bus 


V. 


Perform internal 
logic operations 



J 


^ 

I 

I 

L 

Fourth ) 

Quarter J 

Output ' 

next I 

instruction j 

address via ! 

A0-A12 and j 

data via | 

IVB0-IVB7 I 


During the fourth quarter of a machine cycle, the address for the next machine cycle’s instruction object code is output 
via the Address Bus. AO - A1 2. 

During the first quarter of the next machine cycle, the addressed instruction object code is input via the Instruction 
Bus, 10-115, 

During the second and third quarters of a rnachine cycle, data is input off the IVB Bus by the 8X300, if necessary: then 
any internal operations on data are performed. 

During the fourth quarter, in addition to the next address being output to program memory, data is output to the IVB 
Bus, if necessary. 

Within the rather simple-looking instruction timing illustrated above, some very complex event sequences can occur as 
a result of the 8X300 Microcontroller's unique internal logic organization. Timing and propagation delays are quite 
complex and must be examined with care using vendor data sheets as your guide. 

The 8X300 Microcontroller's internal logic is unique because a good deal of it is distributed along various data 
paths. This is illustrated in Figure 14-2. i 
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Consider the implications of the shift, merge, rotate and mask logic positions. 

Data entering the Arithmetic and Logic Unit, either from the IVB Bus Buffer, or from a general pur- 
pose register, must pass through both the rotate and mask logic. The rotate logic optionally allows 
the entering eight data bits to be right-rotated by any number of bit positions: 


8X300 
ROTATE 
AND MASK 
LOGIC 



The mask logic optionally allows you to take the output from the rotate logic and mask off any 
number of bits, beginning with the high-order bit: 


A 

Mask Out ^ / \ “ 

✓ V. 


Keep 


Range of 

I mask options 

I I 'I I rrrj 


Masked out bit positions are replaced by 0. 


Thus, the data entering the ALU from either a general purpose register or the IVB Bus register may be rotated and/or 
masked before being operated on. 

Combining the rotate and mask logic that we have just described, the input to the ALU may be illustrated as follows: 



high order Any 

bit bourtdary contiguous 
\ sequence 
\ of bits 

^ data bit 
Zero bits ^ ^ ^ 

/ range of N 

^ ^ . \ 

^ boundary ^ W 

II n I nil 

7 6 S 4 3 2 1 0 


Incoming data shown as 
a continuous cylinder to 
illustrate right rotate capabilfty. 


Result of rotate/mask logic 


Suppose an input is right-rotated three bit positions, then the two high-order bits are masked off; this would be the 
result: 



7 

6 

5 

4 

3 

2 

1 

0 

Initial value: 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

After right rotate: 

A2 

A1 

AO 

A7 

A6 

A5 

A4 

A3 

After mask: 

0 

0 

AO 

A7 

A6 

A5 

A4 

A3 


The result of the rotate/mask logic illustrated above becomes an Arithmetic and Logic Unit (ALU) input; it may be the 
only ALU input, or it may be one of two ALU inputs. If it is the only ALU input, it will simply be passed through the ALU. 
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If it is one of two ALU inputs, then the second input is the unmodified contents of an 8-bit Auxiliary register You may 
Add, AND or XOR the two operands: , 

Auxiliary register 



mask/rotate logic 


Thus, the ALU output may be the unmodified result of rotate and mask logic, or it may be the output from an arithmetic 
or logical operation, as illustrated above. In either case, the ALU output may be stored in the Auxiliary register, or in one 
of the general purpose registers; or it may be output to the IVB Bus. 

Data being transferred to the IVB Bus passes through shift and merge logic. This shift and merge 
logic combines in a very unusual way. ALU output, if shifted, may be shifted left from one to seven 
bits. However, zeros are not shifted in to the low-order bits: rather, any prior contents of the IVB 
Buffer are moved into the vacated bit positions. 

In addition, you can specify the number of high-order bits which will retain their IVB Buffer values. This may be illustr- 
ated as foilovvs: 


8X300 
SHIFT AND 
MERGE LOGIC 


Bit 

7 


B 7 B 0 etc. I etc. Aq I etc. B^ Bq 


Bit 

0 


t 


/These low-order bits equal the number of left 
' \ shifts specified, and retain prior IVB buffer bit 
V contents-. 

Merge specification specifies this bit field width. 

( If sum of shift left and merge field’ width is less 
than 8, remaining high-order bits retain prior IVB 
buffer values. 


Thus you create a new IVB Bus output by inserting from one to eight new data bits anywhere in the old data bit field. In 
the illustration above, Aj represents new data bits; Bj represents old IVB Buffer bits. 

Suppose you specify a 2-bit left shift and a 3-bit merge; this would be the result: 


Previous IVB buffer 
contents 


B7B6B5 


ALU output 
A 2 A, Aq 



B1B0 



2- bit left shift 

3- bit merge 
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Figures 14-4 through 14-7 illustrate the four possible data paths that may be specified by 8X300 instructions. In all four 
figures, data entering the ALU from, the Auxiliary register is optional, but, if present, requires an Add, AND or XOR 
operation to be performed. 

THE 8X300 INSTRUCTION SET 

We cannot neatly categorize instructions as we have done for any other product described in this book; one 
8X300 instruction may perform a data move, plus five additional operations. Therefore, in order to summarize 
the 8X300 instruction set in Table 14-2, we list individual instructions that perform many operations under each 
of the instruction classes that may apply. 

Table 14-2 will help you understand what the true comparison is between the 8X300 instruction set and other 
microcomputer instruction sets. However, Table 14-2 will do nothing to help you understand 8X300 assembly 
language. This is because of the strange assembly language mnemonics adopted by Scientific Micro Systems for the 
8X300 Assembler. But without some understanding of 8X300 instruction codes, any further discussion of assembly 
language mnemonics will have little meaning; therefore let us take a look at these object codes, and simultaneously 
look at the assembly language syntax that goes with them. 

The one general statement that can be made for all 8X300 instructions is that every instruction has a single, 16- 
bit object code: the 3 high-order object code bits define the instruction class, while the next 1 3 bits provide ad- 
ditional operand or qualifying data. This may be illustrated as follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 


Operand 
Instruction Class 



Now we are going to make the discussion which follows conform to the rest of this book by numbering instruction 
words and data byte bits from right to left; and we are going to use hexadecimal object code notation. Signetics' 
literature, by way of contrast, numbers data words from left to right, and uses a form of bastardized octal notation to 
describe instruction object codes. 

The first four classes of 8X300 instructions have identical object code formats which may be illustrated as 
follows: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Bit No. 

Instruction Object Code 


Destination definition 
Source rotate or mask, and 
destination merge definition 
Source definition 

000 MOVE 

001 ADD 
010 AND 


Oil XOR 


The "Source definition" and "Destination definition” are defined as register numbers; since each definition is five bits 
wide, a register number in the range OOj 0 through IF 10 (OOs through 37 b) rnay be specified. But you get to specify a 
lot more than a source or destination register. Table 14-1 summarizes the possibilities. 
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Table 14-1. 8X300 Source and Destination Object Code Interpretations 


1 CODE 

INTERPRETATION ] 


OCTAL 

■BBl 

SOURCE DEHNmON 

DESTINATION DEFINITION | 

00000 

00 

00 

Auxiliary register 

00001 

01 

01 

Gerteral Purpose Register R1 , 

00010 

02 

02 

General Purpose Register R2 

00011 

03 

03 

General Purpose Register R3 

00100 

04 

04 

General Purpose Register R4 

00101 

05 

05 

General Purpose Register R5 

00110 

06 

06 

General Purpose Register R6 

00111 

07 

07 

All zero input 

Output an 8-bit I/O port address 
to a left bank IV Byte 

01000 

10 

08 

OVF status (low-order bit only) 

Not allowed 

01001 

li. 

09 

General Purpose Register R11 

01010 

through 

12 

OA 

\ No operation 


OHIO 

16 

OE 

i 


01111 

17 

OF 

All zero input 

Output an 8-bit I/O port address to 
a right bank IV Byte. 

10XXX 

2X 

10 

Contents of left bank IV Byte 

ALU output is shifted left 7-X 



to 

selected by most recent 07 output 

bit positions. After passing 



17 

is loaded into IVB buffer; this 

through merge logic, merge logic 




data is then right rotated X bit 

output will be stored in IVB 




positions, on its way to the ALU. 

buffer, and in left bank IV Byte 




IVB buffer holds unrotated input. 

most recently selected by an 

07 output. 

11XXX 

3X 

18 

Identical to 10XXX, except that right bank IV Byte most recently 



to 

selected by a OF (or 17) output is accessed. 



IF 





8X300 assembly language syntax closely follows the object code format: this may be illustrated as follows: 

LABEL OP S, N. D 

LABEL represents any normal assembly language instruction label; as usual. LABEL is optional. 

OP represents the operation or instruction mnemonic. OP may be MOVE, ADD, AND, or XOR, depending on which of 
the four instructions is being executed. OP corresponds to bits 15, 14 and 13 of the instruction code. 

The assembly language operand field consists of three terms: S, N and D. 

With reference to the instruction object code we have illustrated above, S represents bits 8 through 12, the source 
definition. 

N represents bits 5 through 7 which may provide rotation, mask or merge parameters, depending on the nature of S 
and D. 

D represents bits 0 through 4 of the instruction object code and provides the destination definition. 

The problem with the S, N and D terms of the operand field is that they are not really operands as one would normally 
define them in an assembly language instruction set. These three fields also help identify part of the instruction opera- 
tion. or mnemonic. If you approach 8X300 assembly language realizing that its operand field is really an extension of 
the mnemonic field, you will have less trouble understanding individual instructions. 

The various ways in which a Move, Add, AND.or XOR instruction may be executed are illustrated in Figures 14-4 
through 14-7. Let us look at these possibilities in more detail. 

When a register is specified as both the source and destination of data. Figure 14-4 defines the operation. Refer- 
ring to this figure, note that the source data is rotated, but it is not masked. The second ALU input will only occur if you 
are executing an Add, AND, or XOR instruction; and in each case the second ALU input will be the unmodified con- 
tents of the Auxiliary register. 
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The classes of instruction illustrated in Figure 14-4 can be listed under the following categories: 

1) A Register-Register Move. This involves specifying a Move instruction with different registers as the data source 
and destination, but no right rotate. 

2) Register Operate. By specifying the same register as the source and destination for a MOVE, you can create a 
Register Operate instruction if you also specify some degree of right rotation. You can create additional Register 
Operate instructions by specifying the Auxiliary register as both source and destination for an Add, AND or XOR in- 
struction. 

3) Register-Register Operate. By specifying an Add, AND or XOR operation that does not use the Auxiliary register as 
both source and destination, you create Register-Register Operate instructions. 

Consider some possibilities. 

In order to complement any register’s contents, load FF 10 into the Auxiliary register (using an XMIT instruction), then 
XOR the General Purpose register contents with the Auxiliary register contents, returning the results to the General Pur- 
pose register. These two instructions can be executed in 500 nanoseconds. 

You can AND or XOR Auxiliary register bits with other data bits from the same Auxiliary register by specifying the Aux- 
iliary register as the source and destination for an AND or XOR instruction with right rotate. The ability to perform logi- 
cal operations on bits within a single 8-bit unit is very useful if you are treating the contents of a register as status, 
representing individual signal levels rather than treating the bits contiguously, as data items. 

Apparently absent instructions, such as Register Increment, Register Decrement, OR and Compare, can be generated 
by using the Auxiliary register to hold appropriate intermediate data. 



Figure 14-4. An 8X300 Register-to-Register Instruction's Execution 
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Figure 14-5 illustrates Move, Add, AND and XOR instructions where the IVB Bus is the data source and a 
general purpose register is the data destination. Referring to Figure 14-5, observe that the mask and right rotate 
logic are both involved. Bits 5, 6 and 7 of the instruction object code, which in Figure’ 14-4 specify the amount of right 
rotation, in Figure 14-5 specify the degree of masking which will occur. Bits 8, 9 and 10 in Figure 14-5 specify the 
amount of right rotation which will occur. 

8X300 assembly language mnemonics do not discriminate between this new use of bits 5, 6 and 7. You will . still write 
assembly language instructions with the format: 

LABEL OP S, N, D 

S now defines the right rotate while N defines the masking operation. 


Now consider instructions which specify an IV byte as the data destination. Figure 14-6 illustrates instructions 
where a General Purpose register is the instruction source: Figure 14-7 illustrates IV byte-to-IV byte opera- 
tions. 



Figure 14-5. An 8X300 IV Byte-to-Registef Instruction’s Execution 


There are three instruction classes which include immediate data. 

The XEC instruction, identified by 100 in the three high-order object code bits, uses the 13 operand bits to compute a 
temporary program memory address out of which the next instruction object code will be fetched. When an XEC in- 
struction is executed the Program Counter contents are not incremented. 
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The NZT instruction, specified by 1 01 in the three high-order object code bits, provides the 8X300 with its conditional 
logic. 

The XMIT instruction, represented by 1 10 in the three high-order object code bits, provides the 8X300 with its im- 
mediate instructions. 



I I 1 1 1 1 1 1 1 1 I I I i in 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Figure 14-6. An 8X300 Register-to-IV Byte Instruction's Execution 
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Figure 14-7. An 8X300 IV Byte-to-lV Byte Instruction’s Execution 


All three instructions, XEC, NZT and XMIT, use one of the two following instruction object code formats; 

Format A: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 
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Format B: 


Bit No. 

Instruction object code 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


5 bits of immediate data 


Mask or merge specification 


Right rotate or left shift specification 
( 10 Left bank IV Byte 
( 1 1 Right bank IV Byte 



{ 


100 XEC (rotate and mask) 

101 NZT (rotate and mask) 

1 10 XMIT (shift and merge) 


For all three instructions. XEC, NZT and XMIT, the Format A object code uses bits 8 through 12 to specify a General 
Purpose register, or the Auxiliary register. 

The Format B instruction object code uses bits 5 through 12 to specify the currently selected left bank or right bank IV 
byte, where byte contents will be subject to a mask and a rotate, as illustrated in Figure 14-5. 

Let us take another look at hoiA/ the XEC, NZT and XMIT instructions use the data generated by their operand 
bits. 

The XEC instruction allows you to stay at one object code, continuously re-executing this single object code, while it 
points to another object code which actually gets executed. The address of the object code which actually gets ex- 
ecuted is computed in one of two ways; 

1) For the Format A object code, the current five high-order Program Counter bits are concatenated with the 8-bit 
sum of the specified register contents, plus the immediate data; 
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2) With the second object code format, the 8 high-order current Program Counter bits are concatenated with the 5- 
bit sum of the immediate data, plus the rotated and masked IV byte data: 

12 11 10 9876543210 76543 2 10 



You may use XEC instructions in one of two ways: 

1) You may create a branch table of Jump instructions; based on the contents of any General Purpose register or IV 
byte, you may jump to one of 256 locations using Format A instruction object code, or one of 32 locations using 
Format B instruction object code. 

2) External logic may directly control the sequence in which instructions are executed. The XEC instruction is 
equivalent to a single instruction which requires 500 nanoseconds to execute: 250 nanoseconds to process the 
XEC instruction's object code and another 250 nanoseconds to execute the object code fetched in response to the 
XEC instruction. If you are using the Format B instruction, external logic can use the second 250 nanosecond time 
interval to load new data into the selected IV byte. Thus, external logic can indefinitely control instruction execu- 
tion sequence within an 8X300 microcomputer systern. 

The NZT instruction uses the 13 operand bits to identify a data byte that will be tested for a zero or a nonzero value. 
Additional operand bits are used to identify a branch address. If the identified data has a nonzero value, then the 
branch address is used to generate an absolute paged jump. 

The Format A NZT instruction object code tests the contents of a general purpose register; upon detecting a nonzero 
value, the eight immediate data bits are loaded into the eight low-order Program Counter bits — thus causing an ab- 
solute paged branch to occur within a 256-word program memory page. For zero general purpose register contents, the 
next sequential instruction is executed in the normal way. 

The Format B NZT instruction tests the contents of a selected IV byte, subject to rotate and hnask logic. Upon detecting 
a nonzero result, the five immediate data bits are loaded into the low-order fjve Program Counter bits thus causing an 
absolute, paged branch to occur within a 32-word program memory page. If a zero result is detected, program execu- 
tion continues with the next sequential instruction. 

Thus the NZT instruction allows you to base branch logic on the contents pf the Overflow status, or on any bit field, in 
any general purpose register, auxiliary register or external addressable location. We cannot classify such a wide-rang- 
ing instruction as a single instruction; it would not conform with the definition of a single assembly language instruc- 
tion as used by any other microcomputer described in this book. 

In the case of the XMIT instruction, the immediate data gets loaded into the general purpose register specified by a 
Format A instruction, or the external IV byte specified by a Format B instruction. In the case of a Format B instruction, 
the immediate data is shifted and merged, as illustrated in Figure 14-7, before being output to the identified IV byte. 
Recall that the identified IV byte will be the byte most recently selected by a Move instruction that specifies Register 7 
or F as the destination. 

The Jump instruction is the only one which remains to be described; it is also the simplest to describe. When this in- 
struction is executed, the 1 3 operand bits are loaded directly into the Program Counter; thus you perform a simple un- 
conditional jump to any location in program memory. 

Observe that the 8X300 has no subroutine or interrupt handling logic. 

Subroutine logic can be created using the XEC instruction and an appropriate jump table, but this is rather clumsy. In 
most cases it will be simpler to do without subroutines. 

The lack of interrupt logic is probably inconsequential. Given the fact that the 8X300 can execute instructions in 300 
nanoseconds, polling on status will invariably be a satisfactory way of allowing external logic to control events within 
the 8X300 microcomputer system. 


-1 1 1 1 M 1 1 1 1 inj 


i n n-rm°«.o-c.^ 
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A very effective way of allowing external logic to control the 8X300 microcomputer system is to have the system con- 
tinuously re-execute an ineffective instruction as the result of an XEC. For example, the XEC could point to an instruc- 
tion which simply moves the contents of a General Purpose register back into itself. Using Format B for the XEC instruc- 
tion, external logic could modify the contents of the selected external IV byte in order to force program execution to 
branch in one of 31 different directions. 

THE 8X300 BENCHMARK PROGRAM 

The benchmark program we have been using throughout this book is particularly ill suited to the 8X300; in fact, it 
could well illustrate a benchmark program that a competitor would select in order to make the 8X300 look bad. This is 
because the 8X300 is not good at memory addressing. The 8X300 would never be used in an application that prin- 
cipally reads blocks of data into read/yvrite memory, then moves blocks of data around read/write memory. 

The 8X300 has no ability to address read/write memory; as we have already described earlier in this chapter, should 
you require the presence of read/write memory in an 8X300 system, you are going to have to create a memory Address 
Bus and Data Bus for the external read/write memory; IV bytes must be used to create these busses. 

We will therefore change the benchmark program so that a sequence of data bytes entering via the left bank IV byte 
must immediately be output via a right bank IV byte. The first byte read will be interpreted as identifying the number of 
data bytes to follow. Now the benchmark will appear as follows; 

XMIT AUX,377 LOAD 377 OCTAL INTO THE AUXILIARY REGISTER TO DECREMENT COUNTER 
XMIT ' 20.0,SRCE SELECT SOURCE IV BYTE IN LEFT BANK 

XMIT 30.0,DST SELECT DESTINATION IV BYTE IN RIGHT BANK 

MOVE ' RI.O.SRCE LOAD COUNTER INTO R1 

LOOP MOVE SRCE.0.DST MOVE NEXT DATA BYTE 

ADD RI.O.RI DECREMENT COUNTER 

NZT ' R1.LOOP 

The following symbols are used in Table 14-2= 

A Auxiliary register 

ADDR 13-bit address value 

DATA5 5-bit data unit 

DATA8 8-bit data unit 

DISP5 5^bit address value 

DISP8 8-bit address value 

IV1, IV2 IV Byte 

(L) Optional Field length for IV Byte 

PC Program Counter 

(R) Optional rotate value for register 

RX. RY Any General Purpose registers 

x<y.z> Bits y through z of the specified value. For example. PC<7,0> is the low byte of the Program Counter. 
[[]] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, then 
the designated register's contents are specified. If a memory address is enclosed within the brackets, then 
the contents of the addressed memory location are specified. 

A Logical AND 

-V- Logical Exclusive-OR 

Data is transferred in the direction of the arrow. 

Under the heading of STATUS in Table 14-2, an X indicates OVF is modified in the course of the instructions execution. 
If there is no X, it means that the status maintains the value it had before the instruction was executed. 
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Table 14-2. 8X300 Instruction Set 






STATUS 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

OV 

OPERATION PERFORMED 


MOVE 

IV1,(L),IV2 

2 


[IV2]— [IV1] 






Move data from IV Byte to IV Byte. 


MOVE 

1V1,(L),RX 

2 


IRX]— I1V11 






Move data from IV Byte to register. 


MOVE 

RX,(L),IV1 

2 


(IVIl— [RX] 






Move data from register to IV Byte. 


ADO 

IV1.(LUV2 

2 

X 

IIV2]— [IV11+ [A] 






Add IV Byte to Auxiliary register, store result in IV Byte. 


ADD 

IV1,(L),RX 

2 

X 

[RX] — [IV11+ [A] 






Add IV Byte to Auxiliary register, store result in register. 


ADD 

RX,(L),IV1 

2 

X 

IIV1]-[RX]+ [A] 

§ 





Add register to Auxiliary register, store result in IV Byte. 


AND 

IV1,(UIV2 

2 


(IV2] — [IVIl A [A] 






. AND IV Byte with Auxiliary register, store result in IV Byte. 


AND. 

IV1,(L),RX 

2 


[RXl — [IV1] A [A] 






AND IV Byte with Auxiliary register, store result in register. 


AND 

RX,(LMV1 

2 


[IVIl— [RX] A [A] 






AND register with Auxiliary register, store result in IV Byte. 


XOR 

IV1,(U,IV2 

2 


(IV2]— IIV1]V-[A] 






Exclusive-OR IV Byte with Auxiliary register, store result in IV Byte. 


XOR 

•IV1,(L),RX 

2 


[RXl— IIV1]V-[A] 






Exclusive-OR IV Byte with Auxiliary register, store result In register. 


XOR 

RX,(U,IV1 

2 


[IV1]— [RX]-V-[A] 






Exclusive-OR register with Auxiliary register, store result in IV Byte. 


XMIT 

DATA5,(L),IV1 

2 


lIVll— DATA5 






Transmit immediate to IV Byte. 

tk cc 

■ liJ ui ... 

MOVE 

RX,(R),RY 



TRY] — [RX] 

REGIST 

REG 1ST 

MOVI 



H 


Move contents of one General Purpose register to another. 
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Table 14-2. 8X300 Instruction Set (Continued) 






STATUS 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

OV 

OPERATION PERFORMED 

REGISTER 

OPERATE 






MOVE 

RX,(Rj.RX 

H 


Rotate contents of a general purpose register and store result in the same register. 


ADD 

RX,(R).RY 


X 

IRYJ— [RX]+ [A] 

K cc lU 





Add Register X to Auxiliary roister, store result in Register Y. 

H H < 
(0 <0 OC 

5 5“ 

AND 

RX,(R).RY 


X 

(RYl— tRX] A [A] 





AND Register X with Auxiliary register, store result in Register Y. 

s fiC o 

XOR 

RX,(R),RY 


X 

IRY]— IRX] VIA] 






Exclusive-OR Register X with Auxiliaiy register, store result in Register Y. 

UJ 

H 

< 

5 

XMIT 

DATAS.RX 

2 


[RX]— PATA8 

S 





Load immediate to General Purpose register. 

s 






z 

z o 

NZT 

RX.DISP8 



If [RX] ?<0; [PC<7,0>]— DISP8 

^ p 
z Z b 





Branch if register contents nonzero. 

<.o 9 

NZT 

IV1,(U,DISP5 



If IIVI] j<0: tPC<4,0>] — DISP5 

CD O 

O 





Branch if IV Byte is nonzero. 

Q. 

5 

JMP 

ADDR 



[PC] — ADDR 

3 

n 





Unconditional jump. 

■ 

XEC 

RX,DISP8 

■ 


Execute instruction at the following address: 

[ ADDR < 12;8> ]— [PC <12,8 >] 

[ ADDR <7.0 > ] — [ RX ] + DISP8. 






Do not increment PC. 

■ 

XEC 

IV1,(UDISP5 

1 


Execute instruction at the following address: 

[ADDR<12.5>]— [PC<12,5>] 

[ ADDR <4,0 > ]— [ IV1 ] + DISP5 






Do not increment PC 
































The following symbols are used in Table 14-3. 

a one bit of immediate address. 

ddddd 5 bits choosing destination register or IV Byte. 

i one bit of immediate data 

III three bits specifying length of IV Byte field. 

rrr three bits specifying the number of rotates performed. 

sssss 5 bits choosing source register or IV Byte. 

The sssss and ddddd fields are restricted in the following ways: , 

If sssss or ddddd represents a register, it must be in' the range OOg — 170 
If sssss or ddddd represetns an IV Byte, it must be in the range of 2 O 3 — 370 


Table 14-3. 8X300 Instruction Set Object Codes 


INSTRUCTION 

OBJECT CODE 

BYTES 

MACHINE 

CYCLES 

ADO 

IV1,(L),IV2 

IV1,(L),RX 

RX,(L),IV1 

OOlssssslllddddd 

2 

1 

ADD 

RX,(R),RY 

OOlsssssrrrddddd 

2 

1 

AND 

IV1,(L),IV2 

IV1,(L),RX 

RX,(L),IV1 

OlOssssslllddddd 

2 

1 

AND . 

RX,(R),RY 

0 1 0sssssrrrddddd 

2 

1 

JMP 

ADDR 

1 1 laaaaaaasaaaaa 

2 

1 

MOVE 

IV1,(U.IV2 

IV1,(U,RX 

RX,(L),IV1 

OOOssssslllddddd 

• 2 

1 

MOVE 

RX,(R),RX 

OOOsssssrrrsssss 

2 

1 

MOVE 

RX,(R(,RY 

OOOsssssrrrddddd 

2 

1 

NZT 

IV1,(L).DISP5 

lOlssssslllaaaaa 

2 

1 

NZT 

RX,OISP8 

lOlsssssaaaaaaaa 

2 

1 

XEC 

IV1,(U,DISP 

1(X)ssssslllaaaaa 

2 

1 

XEC 

RX,DISP 

lOOsssssaaaaaaaa 

2 

1 

XMIT 

DATA5,tV1 

llOdddddllliliii 

2 

1 

XMIT 

DATA8 

1 lOdddddiiiiiiii 

2 

1 

XOR 

IV1,(L).1V2 

IV1,(L),RX 

RX,(U,IV1 

Ollssasslllddddd 

2 

1 

XOR 

RX,(R),RY 

Ollsssssnrddddd 

2 

1 
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Vcc 

iv7 (i^) 
iW(ivi) 
1^ (IV2) 
IV4 (IV3) 
IV3 (i^ 

jy2(iv5) 

m (IV6) 
IVO (IV7) 

wc 

sc 

MCLK 


Pin Name 

Description 

Type 

l^-IW 

IVB Bus 

Tristate, Bidirectional 

UDO - UD7 

External Logic Data Bus 

Tristate or Open Collector, Bidirectional 

^ 

Master Enable 

Input 

BIC, BOC 

External IV Byte Control Lines 

Input 

MCLK 

Master Clock 

Input 

SC, WC 

IVB Bus Control 

Input 

Vcc, gnd 

Power and Ground 



Figure 14-8. 8T32/3/5/6 Interface Vector Byte Signals and Pin Assignments 


THE 8T32, 8T33, 8T35, AND 8T36 INTERFACE VECTOR BYTE (IV BYTE) 


This device serves as an I/O port and IVB Bus interface for all external logic communicating with the 8X300 
Microcontroller. 

The various Interface Vector Bytes are summarized in Table 14-4. This table identifies part differences. 


Table 14-4. Interface Vector Byte Options 


Part 

Name 

Data Input via UDO • UD7 

UD Pins Logic 

IV Byte Address Logic 

8T31 

Synchronous, when 

MCLK is high 

Tristate 

None 

8T32 

Synchronous, when 

MCLK is high 

T ristate 

Present 

8T33 

Synchronous, when 

MCLK is high 

Open Collector 

Present 

8T35 

Asynchronous, 
independent of MCLK 

Open Collector 

Present 

8T36 

Asynchronous, 
independent of MCLK 

Tristate 

Present 


The IV Byte is implemented using bipolar LSI technology and is packaged as a 24-pin DIP. It requires a single 
+5V power supply. 

8T32/3/5/6 IV BYTE PINS AND SIGNALS 

Figure 14-8 illustrates the pins and signals of the IV Byte. Figure 14-9 illustrates how an IV Byte will normally 
be used. 

As described for Figure 14-3, we show signal numbers in Figure 14-8 first as given in Signetics literature, then 
in brackets as we would number these signals. 
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IVO - IV7 represent the pins via which the IV Byte communicates with the I VB Bus. These pins represent the IV Byte in- 
terface with the 8X300 microcomputer system. 

Pins UDO - UD7 represent the 8-bit bus via which the IV Byte communicates with logic beyond the 8X300 microcom- 
puter system. These pins may be tristate or open collector, as defined in Table 14-4. 

ME is a master enable signal. This signal is connected to LB or RB, output by the 8X300 Microcontroller to distinguish 
between two banks of I/O ports with 256 I/O ports addressable in each bank. ME is just one contributor to device select 
logic: we will describe the whole IV Byte select process later. 



I 


Figure 14-9. 8T32/3/5/6 IV Byte Control Signals and Interfaces 


BIC and BOC are signals which control data flow between the IV Byte and external logic, via the UD Bus. BIC 

and BOC must be i nput t o th e IV Byte by external logic. MCLK, output by the 8X300 Microcontroller, synchronizes ac- 
tual data transfers. BIC. BOC. and MCLK combine to control events on the UD Bus as follows: 


BIC 

1 

0 

0 

0 

1 


BOC 

0 

X 

X 

X 

1 


MCLK 

X IV Byte output data to external logic 

1 External logic input data to IV Byte (synchronous parts) 

X External logic input data to IV Byte (asynchronous parts) 

0 Disable UD Bus for 8T31. 8T32. 8T33. Input data to IV Byte for 8T35. 8T36 
X No operation 


X signifies "don't care": the signal may be low or high. 

SC and WC control the IVB Bus which connects all IVB b ytes with the 8X300 Microcontroller. Control signals SC 
and WC are automatically output by the 8X300 Interpreter. BIC contributes to IVB Bus logic in order to resolve access 
conflicts: external logic accessing the IV Byte via the UD Bus will have priority over an 8X300 Microcontroller access 
occurring via the IVB Bus. MCLK synchronizes data transfers occurring via the IVB Bus for synchronous and 
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asynchronous parts. IVB Bus control logic also requires ME to be low; observe that UD Bus logic ignores?^. Combin- 
ing SC, WC, BIC, MCLK and ME, this is how IVB Bus interface logic responds to control signals; 


SC 

WC 

BIC 

MCLK 

ME 


X 

X 

X 

X 

1 

IV Byte not selected; no operation. 

0 

0 

X 

X 

0 

IV Byte must place data contents on IVB Bus. 

0 

1 

1 

1 

0 

IV Byte reads IVB Bus as data. 

1 

0 

X 

1 


IV Byte reads IVB Bus as a select address, (not 8T31). 

1 

1 

0 

1 

oi 


1 

1 

1 

1 

0 

IV Byte reads IVB Bus as a select address, and as data. 


8T31 reads IVB Bus as data only. 


Data is inverted when it flows across an IV Byte . If dat a is input by external logic via UDO - UD7, then t he co mple- 
ment of this data will be read by the 8X300 on IVBO - IVB7. Conversely, if the 8X300 outputs data via IVBO - IVB7, then 
external logic will read the complement of this data via UDO - UD7. 

If the 8X300 Microcontroller reads back data which it wrote out, then it reads back the exact data it wrote out, and not 
the complement of the data it wrote out. Conversely, if external logic reads back the data it wrote out, then it too will 
read back the exact data it wrote out, and not the complement of the data it wrote out. 

8T32/3/5/6 IV BYTE OPERATION 

There is no device address logic on the external logic interface of an y IV Byte . The IV Byte inputs and outputs 
data via the UDO - UD7 lines depending on the condition of the BIC and BOC signals. Synchronous IV Bytes, as 
identified in Table 14-4, will input data via UDO - UD7 only while MCLK is high. Asynchronous IV Bytes ignore MCLK 
when recieving data input from external logic. All data output via UDO - UD7 is asynchronous. 

On the Microcontroller interface of an IV Byte, all devices (with the exception of the 8T31) have address logic 
and select logic. The 8T31 will always respond on the Microcontroller interface if the SC, WC, ME, BIC, and MCLK sig- 
nals are at the correct levels. 

All IV Bytes (with the exception of the 8T31) have an internal Address regiser. The contents of this internal Ad- 
dress register are usually created when the IV Byte is manufactured. You can buy an IV Byte whose internal address 
has not been set, in which case you may set the address following a procedure described later. 

The Microcontroller must output select addresses to select IV Bytes. Any IV Byte that detects a select address coincid- 
ing with its internal address will consider itself selected. It will remain selected until a new select address that does not 
coincide with its internal address is detected. Once an IV Byte has been selected, it will respond to data input or output 
operations specified by control signals on the Interpreter interface. An IV Byte which is not selected will not respond to 
input or output operations specified by control signals on the Interpreter interface. Select logic has no effect on the ex- 
ternal logic interface of the IV Byte. 

Address and select logic does not exist in the 8T31 IV Byte, which will therefore always respond to control signal levels 
on the Interpreter interface. 

Let us now look at dialogue occurring between an IV Byte and the 8X300 Interpreter via the 
IVB Bus. Note carefully that the following discussion applies only to the IV Byte-8X300 interface. 

The IV By te-external logic interface is controlled entirely by external logic manipulating the BIC 
and BOC control signals. 

At any time, just one IV Byte should consider itself selected on the left bank of IV Bytes, and just 
one IV Byte should consider itself selected on the right bank of IV Bytes. In order to select an IV Byte, you execute a 
Move instruction which outputs data to Register 7 fhe left bank, or F for the right bank. There is no Register 7 or F; in 
response to either of these Move instruction destination definitions, the 8X300 outputs data on the IVB Bus, just as it 
would for any normal dat^output operation, but control signals SC and WC are set toj and 0, respectively. A destina- 
tion Register of 7 causes LB to be output low, while the destination address F causes RB to be output low. Thus, the net 
effect of executing a Move instruction specifying Register 7 or F as the destination is that the data moved is the address 
of the IV Byte which is going to consider itself selected; all other IV Bytes will at this time deselect themselves. If no IV 
Byte has a select address equal to the address output, then all IV Bytes will be deselected. 

Once an IV Byte selects itself, it will remain selected until a subsequent Move to Register 7 or F causes a new Byte to 
select itself. 

Remember, the 8T31 has no select logic; it always considers itself selected. 


8T32/3/5/6 
IV BYTE 
ACCESS 
LOGIC 
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All 8X300 instructions that specify the IVB Bus as the source or destination of data will automatically access the single 
selected IV Byte — on the left or right bank of IV Bytes, whichever is being accessed by the Move instruction. Table 
14-1 describes the way in which you specify whether the IV Byte selected on the left bank or right bank will be ac- 
cessed. 

Observe that exter nal logic will always have priority over the 8X300, should both simultaneously attempt to output 
data to an IV Byte. BIG will be input low by external logic whenever it is attempting to write to the IV Byte: but BIG low 
inhibits any attempt by the 8X300 Microcontroller to write data into the IV Byte. 

When inputting data from external logic using a synchronous IV Byte, you will have no timing problems. Data will be 
input only while MGLK is high, at which time the 8X300 is guaranteed not to be accessing the IV Byte. 

When using asynchronous IV Bytes, data will be input by external logic to the IV Byte at any time. Unless you provide 
your own logic to guard against it, there is nothing to prevent external logic from inputting data to an asynchronous IV 
Byte while the 8X300 is partway through accessing the same IV Byte, in which case the 8X300 operation will be inac- 
curate. 

8T32/3/5/6 IV BYTE ADDRESSES 

IV Bytes can be bought from Signetics with predefined addresses 01 through 0Ai@. IV Bytes with addresses 
OB‘|@ through 3210 are held in smaller quantities. You can, if you wish, buy an IV Byte whose address has not 
been set. This IV Byte will, in fact, have an address of FFi0. You must create the address you want by resetting in- 
dividual address bits to 0. This is an operation you can do just once. Once an address bit has been reset to 0, it cannot 
be set to 1 again. The following procedure is described by Signetics for resetting individual address bits to 0: 


Table 14-5. Specifications for Signals Illustrated in Figures 14-10 and 14-1 1 



PARAMETER 

TEST 

LIMITS 

UNITS 



CONDITIONS 

Min 

Typ 

Max 


vggp 

Programming supply voltage 
Address 


H 


8.0 

V 


Protect 


HI 

0 


V 

'ggp 

Programming supply current 

VcGP = 80 '^ 



250 

mA 


Max time V^cp > 5,25V 




1.0 

s 


Programming voltage 

Address 




18,0 

V 


Protect 




14.0. 

V 


Programming current 

Address 




75 

mA 


Protect 




150 

mA 


Programming pulse rise time 
Address 


1 


1 

B 


Protect 


100 





Programming pulse width 


5 


1 

mm . 



14-24 



















z 

E 

O 

m 

0 ) 

O 

S 

< 

o 

< 

© 


PROTECT 

PROGRAM(^ING 

PULSE 

+90% \ 

10%-/ 1 1 

^ )) jT 

14V 


-H''K 

(( 1 

tr <100/iS 



Figure 14-11. 8T32/3/5/6 IV Byte Protect Programming Pulse 


1) Set alj control signals to their iriactive state; BIG. BGC. and ME must be tied to power while SC, WC, and MCLK 
are held at ground. Leave all IVB Bus pins open. 

2) Increase V^c to 7.75y ± 0.25V. 

3) After Vqc has stablized, apply a single programniing pulse at the UB Bus line corresponding to ^he bj| which 
must be reset to 0. Figure 14-10 provides timing for the Address Programming pulse. The current should be 
limited to 75mA. 

4) If the entire prograrnming operation occurs in less than one second, return V^c to 7.75V. If the programming 
operation takes more than one second, Vqc must now be reduced to OV. 

5) Repeat Steps 3 and 4 for each additional UD line whose corresponding address bit must be reset to zero, 

6) Verify that the proper address exists by inserting this address via the IVB Bus, with ME and WC low, while and 
MCLK are high. Next, input data via the IVB Bus aH'p read it via the UD Bus. If the correct address exists within the 
IV Byte, the inverted data will appear at the UD Bus. 

7) If the address is correct, proceed to Step 8. If the address is incorrect, you may be able to save the IV Byte by 

hunting for the actual address using trial and error. If the actual address has one or more bits high which should 
be low, then you can repeat Steps 2 and 3 in an attempt to pull these bits low. If an jncorrect bit has been pulled 
low. then you must eifher modify the address that Ypti were seeking td create, or you must throvy away the IV 
Byte. ' . . ■ 

8) Set Vcc si^cl all control inputs to 0 volts. Leave IVB apcj UD Bus lipe pins open. 

9) Apply a protect programming pulse as illustrated in Figure 14-1 1 to every UD Bus pin. Tpis includes UD Bus pins 

which were accessed during Steps 2 and 3, as well as UD Bus pins which were not accessed durmg Steps 2 and 
3. The current should be limited to 150mA. . ' 

1 0) Apply -F7V to each UD Bus pin and measure the amperage. It must be less than 1 mA. If it is more than 1 rnA, then 
the particular line has been damaged and the IV Byte should be discarded. 

Table 14-5 provides specifications for the pulses illustrated In Figures 14-10 and 14^11. 
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1 


28 

2 


27 

3 


26 

4 


25- 

5 


24 

6 


23 


8T39 


7 


22 


or 


8 

8T58 

21 

9 


20 

10 


19 




12 


17 

13 


16 

14 


15 



^cc 

IVI7 (IVIO) 
IVI6 (Ml) 
M5 (IVI2) 
IVI4 (IVI3) 
IVI3 (IVI4) 
M2 (IVI5) 
GND 

ivn (M6) 

IVIO (IVI7) 
WCI 
SCI 
MCLKI 
1 ^ 


Pin Name 

Description 

Type 

IVIO - IVI7 

IVO - IV7 from Interpreter 

Tristate, 

IVOO - IV07 

IVO - IV7 to IV Bytes 

Tristate, 

WCI 

WC from Interpreter 

Input 

WCO 

WC to IV Bytes 

Output 

SCI 

SC from Interpreter 

Input 

SCO 

SC to IV Bytes 

Output 

MCLKI 

MCLK from Interpreter 

Input 

MCLKO 

MCLK to IV Bytes 

Output 

MEI 

ME from Interpreter 

Input 

MEO 

ME to IV Bytes 

Output 


Bidirectional 

Bidirectional 


Figure 14-12. 8T39 and 8T58 Bus Expander Signals and Pin Assignments 


THE 8T39 AND 8T58 BUS EXPANDERS 

These two devices buffer the IVB Bus and control signals output by the 8X300 Microcontroller. Up to 16 IV 
Bytes may be connected to one Bus Expander, which will present a load equivalent to one IV Byte on the 
8X300 Bus. The 8T39 Bus Expander contains internal address and select logic, while the 8T58 Bus Expander 
does not. 

The two Bus Expander parts are implemented using bipolar LSI technology and are packaged in 28-pin DIPs. 
These parts require a +5V power supply. 

Figure 14-12 identifies the pins and signajs of the two Bus Expander parts. These signals are not described, 
since they are identical to the signals with the same names as already described for the Microcontroller and IV 
Bytes. Notice that the signals are input on one side of the Bus Expander and output on the other side of the Bus Ex- 
pander. The input signals will connect to the 8X300 Microcontroller, while the output signals will generate a bus to 
which up to 16 IV Bytes may be connected. 

A 1 5 nanosecond propagation delay will occur across each Bus Expander for signals input and then output. You 
must make sure that you add this delay time when computing the total access time for external logic respond- 
ing to an 8X300 Microcontroller access. 

The 8T39 Bus Expander has internal addressing and select logic. The 8T58 Bus Expander has no internal addressing or 
select logic. For the 8T39 only, the four high-order address lines are examjned when the 8X300 outputs an IV Byte ad- 
dress. The actual response of the 8T39 to addresses is identical to that which we have described for IV Bytes. The 1 6 IV 
Bytes connected to an 8T39 Bus Expander must have addresses corresponding to the fixed four high-order address bits 
specified by the Bus Expander. 

There are four address options available to you when buying an 8T39 Bus Expander. These four address options, and 
the allowed IV Byte addresses that may be connected to each option, are identified in Table 14-6. 
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Table 14-6. 8T39 Bus Expander Addresses and IV Byte Addresses That May Be Connected 


Part 

Number 

BT39 Internal 
Address 

IV Byte addresses that may be connected 

BT39-00 

8T39-01 

8T39-03 

8T39-07 

8T39-17 

OOOOXXXX 
0001 XXXX 
0011XXXX 
0111XXXX 
1111XXXX 

OO-OFie 

IO16-IF16. 2O16-2F16. 40i6-4Fi6- 80i6-8Fi6 

30i6-3Fi6. 50i6-5Fi6. 6O16-6F16. 90 i 6 - 9 Fi 6 . AO16-AF16. COie-CFie 
70i6-7Fi6. BO16-BF16. DO16-DF16. EO16-EF16 

FO16-FF16 
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The following section contains specific electrical and timing data for the following devices: 

• 8X300 Interpreter 

• 8T32 IV Byte 

• 8T39 Bus Expander 
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8X300 INTERPRETER 


DC ELECTRICAL CHARACTERISTICS 



PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


Min 

Typ 

Max 




V|H 

High level input voltage 






X1,X2 


.6 



V 


All others 


2 



V 

V|L 

Low level input voltage 






X1.X2 




.4 

V 


All others 




.8 

V 

VCL 

input clamp voltage 

Vcc = 4.75V 



-1.5 

V 

(Note 1) 

l| = -10mA 





'IH 

High level input current 






XI, X2 

Vcc = 5.25V 

V|H = -6V 


2700 


fjA 



All others 

Vcc = 5.25V 

V,h = 4.5V 


<1 

50 

iiA 

'IL 

Low level input current 






XI, X2 

Vcc = 5.25V 


-2500 


/uA 


IVBO-7 

V|L = '4V 

Vcc = 5.25 V 


-140 

-200 

AtA 


10-115 

V|l = .4V 


-880 

-1600 

AiA 



Vcc = 5-25V 






HALT, RESET 

V|L = -4V 

Vcc = 5-25V 


-230 

-400 

^A 



V,l = .4V 





_J 

o 

> 

Low level output voltage 






A0-A12 

Vcc = 4-75V 

IqI = 4.25mA 


.35 

.55 

V 



All others 

Vcc = 4.75V 
*OL " 


.35 

.55 

V 

I 

O 

> 

High level output voltage 

Vcc = 4-75V 

I OH - 

2.4 



V 

'os 

Short circuit output current 






(Note 2) 

Vcc = 5.25V 

-30 


-140 

mA 

< 

o 

o 

Supply voltage 


4,75 

5 

5.25 

V 

'cc 

Supply current 

Vcc = 5.25V 


300 

450 

mA 

'reg 

Regulator control 

Vbc = 5.0V 

-14 


-21 

mA 

'CR 

Regulator current (Note 3) 

o 

II 

CC 

. o 
> 



290 

mA 

'^CR 

Regulator voltage (Note 3) 

''reg=0'' 

2.2 


3.2 

V 


NOTES 

1. Crystal inputs XI and X2 do not have clamp diodes. 

2 Only one output may be grounded at a time. 

3 (Limits apply tor Vqq ' 5V J 5% and 0*C ^ T^ < 70*C unless specified otherwise.) 


signotics 

Data sheets on pages 14-D2 through 14-D12 reprinted by permission of Signetics Corporation. Copyright 1977 by Signetics 
Corporation, 81 1 East Arques Avenue, Sunnyvale, California. 
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8X300 INTERPRETER 


TYPICAL INSTRUCTION CYCLE TIMING 


-INSTRUCTION CYCLE- 

I 

"I" 


OUTPUT PHASE- 


-INPUT PHASE 


INSTRUCTION 

ADDRESS 

IA0-AI2) 


INSTRUCTION 

DATA 

(lO-MSl 


-ri r 


IIVB0-IVB7) 



Figure 10 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Vcc 7V 

Logic Input Voltage 5.5V 

Crystal Input Voltage 2V 


AC ELECTRICAL CHARACTERISTICS Vcc = 5V ± 5% and o»c ^ Ta < 70°C 


DELAY DESCRIPTION 

PROPAGATION 
DELAY TIME 

CYCLE TIME 
LIMIT 

XI falling edge to MCLK (driven from external 
pulse generator) 

75ns 


MCLK to SC/WC falling edge (input phase) 

25ns 


MCLK to SC/WC rising edge (output phase) 


y 2 cycle + 25ns 

MCLK to LB/RB (input phase) 

35ns 


Instruction to LB/RB output (input phase) 

35ns 


MCLK to LB/RB (output phase) 


'A cycle + 35ns 

MCLK to IV data (output phase) 

185ns 

V 2 cycle + 60ns 

IV data (Input phase) to IV data (output phase) 

115ns 


Instruction to Address 

185ns 

'I 2 cycle + 40ns 

MCLK to Address 

185ns 

72 cycle + 40ns 

IV data (input phase) to Address 

115ns 


MCLK to IV data (input phase) 


'/a cycle - 55ns 

MCLK to Halt falling edge to prevent 
current cycle 


% cycle - 40ns 

Reset rising edge to first MCLK 


0 to 1 cycle 


NOTE 

1. Reference to MCLK is to the falling edge when loaded with 300pF. 

2. Loading on Address lines is 150pF. 


signotics 
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8T32/8T33/8T35/8T36 

DC ELECTRICAL CHARACTERISTICS Vcc = 5V ± 5%. 0°C ^ Ta < 70°C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 


Input voltage 





V 

V|H 

High 


2.0 




V|L 

Low 




.8 


V|C 

Clamp 

t| = -5mA 



-1 



Output voltage 

Vcc = 4.75V 




V 

VOH 

High 


2.4 




Vql 

Low 




.55 



Input current^ 

Vcc = 5.25V 




fiA 

l|H 

High 

V|H = 5.25V 


<10 

100 


'IL 

Low 

V|L= .5V 


-350 

-550 



Output current^ 





mA 

•os 

Short circuit 

Vcc 4.75V 






UD bus 


10 





IV bus 


20 




•cc 

Vcc supply current 

Vcc = 5.25V 


100 

150 

mA 


PROGRAMMING SPECIFICATIONS^ 


PARAMETER 

TEST 

CONDITIONS 

LIMITS 

UNITS 

Min 

Typ 

Max 

VccP Programming supply voltage 






Address 




8.0 

V 

Protect 


HH 

0 


V 

•CCP Programming supply current 

VcCP ■ 5 °'' 



250 

mA 

Max time VccP ^ 5.25V 




1.0 

S 

Programming voltage 






Address 




18.0 

V 

Protect 




14.0 

V 

Programming current 






Address 




75 

mA 

Protect 




150 

mA 

Programming pulse rise time 






Address 




1 

MS 

Protect 





MS 

Programming pulse width 


.5 


1 

ms 


NOTES 

3. The input current includes the tri’State/open collector leakage current of the output driver on thedata 
lines. 

4. Only one output may be shorted at a time. 

5. If all programming can be done in less than 1 second. VCC may remain at 7.75V for the entire 
programming cycle. 
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8T32/8T33/8T35/8T36 
8T32/8T33/8T35/8T36-NA,F 
AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

INPUT 

TEST 

LIMITS 

UNIT 

CONDITION 

Min 

Typ 

Max 


UDX 




38 


tpQ User data delay (Note 1 ) 

MCLK* 

Cl = 50pF 



61 

ns 

BICt 



40 

55 


*OE output enable 

BOC 

Cl = 50pF 

18 

26 

47 

ns 

too output disable 

BIC 

BOC 

Cl = 50pF 

18 

16 

28 

23 

35 

33 

ns 

tpQ IV data delay (Note 1) 

IVBX 

MCLK 

Cl = 50pF 


38 

48 

53 

61 

ns 


ME 






Iqe iV output enable 

SC 

Cl = 50pF 

14 

19 

25 

.ns 

WC 







ME 






toD IV output disable 

SC 

Cl = 50pF 

13 

17 

32 

ns 

WC 






ty^ Minimum pulse width 

MCLK 

BICt 


40 

35 



ns 


UDa 


15 





BIC* 


25 




'setup Minimum setup time 

IVX 

ME 

(Note 2) 

55 

30 



ns 


SC 


30 





WC 


30 





UDXo 


25 





BIC* 


10 




'hold Minimum hold time 

IVX 

ME 

(Note 2) 

10 

5 



ns 


SC 


5 




' 

SC 


5 





* Applies for 8T32 and 8T33 only. 

t Applies for 8T3S and 8T36 only 

□ Times are referenced to MCLK for 8T32 and 8T33. and are referenced to BIC for 8T35 
and 8T36. 

NOTES: 

t . Data delays referenced to the clock are valid only if the input data is stablest the arrival 
of the clock and the hold time requirement is met. 

2 . Set up and hold times given are for “normal" operation. BIC setup and hold times are 
for a user write operation. SC setup and hold times are for an IV Byte select operation. 
WC setup and hold times are for an IV Bus write operation. Setup and hold limes 
are for both IV write and select operations. 
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8T32/8T33/8T36/8T36 

8T32/8T33/8T35/8T36-NA,F 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

Power supply voltage 

-0.5 to +7 

Vdc 

V|N 

Input voltage 

-0.5 to +5.5 

Vdc 

Vo 

Off-state output voltage 

-0.5 to +5.5 

Vdc 

Ta 

Operating temperature range 

-55 to +125 

“C 

Tstg 

Storage temperature range 

-65 to +150 

°C 
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8T32/8T33/8T35/8T36 
8T32/8T33/8T35/8T36-NA, F 

PARAMETER MEASUREMENT INFORMATION 
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8T32/8T33/8T35/8T36 

8T32/8T33/8T35/8T36-NA,F 

PARAMETER MEASUREMENT INFORMATION (Cont’d) 
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8T39 BUS EXPANDER 


TEST LOAD CIRCUIT 



DC ELECTRICAL CHARACtERISTICS Vcc = 5V ± 5%. 0“C < Ta < ro-’C 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 


Input voltage 





V 

V|L 

Low 




.8 


V|H 

High 


2.0 




V|C 

Clamp 




-1 



Output voltage 

Vcc = 4.75 V 

■■i 



V 

VOL 

Low 

lOL = 16mA 



.55 


VqH 

High 

lOH = -3.2mA 






Input current 

Vcc = 5.25V 




uA 

'IL 

Low 

V|L = .5V 



-250 


'IH 

High 

V|H = 5.25V 


< 10 

100 


'os 

Short circuit output current 

V CC = 4.75V 

-40 



mA 

'cc 

Supply current 

Vcc = 5.25V 



200 

mA 


AC ELECTRICAL CHARACTERISTICS Vqc = 5V ± 5%, o°c ^ Ta ^ 70°C, Cl = 300pF 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

LIMITS 

UNIT 


Typ 

WSEM 

Path delay 

tpd Data 

DOX 

DIX 

DIX 

DOX 


■ 

■ 

15 

ns 

tpd Control 

FiTE (out) 

MCLK (out) 

SC (out 

WC (out) 

(in) 

MCLK (in) 

SC (in) 

WC (in) 


■ 

■ 

15 
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8T39BUS EXPANDER 

VOLTAGE WAVEFORMS 


CONTROL PATH DELAY 
(THREE-STATE OUTPUTS 




WAVEFORM 2 








S1 AND S2 CLOSED 


DATA PATH DELAY TIMES 


INPUT 


IN PHASE 
OUTPUT 


OUT OF PHASE 
OUTPUT 



8T58 TRANSPARENT BUS EXPANDER 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

Power supply voltage 

+7 

Vdc 

ViN 

Input voltage 

+5.5 

Vdc 

Vo 

Off-state output voltage 

+5.5 

Vdc 

Ta 

Operating temperature range 

0 to +70 

°C 

Tstg 

Storage temperature range 

-65 to +150 

°C 


NOTE Includes tri-state leakage. 


AC ELECTRICAL CHARACTERISTICS Vcc = 5V ± 5%, 0°C < Ta < 70°C, Cl = 300pF 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Path delay 
tpd Data 

DOX 

DIX 

DIX 

DOX 




15 

ns 

tpd Control 

ME(OUT) 

MCLK(OUT) 

SC(OUT) 

WC(OUT) 

ME(IN) 
MCLK(IN) . 
SC(IN) 
WC(IN) 


■ 

■ 

15 

ns 

Data 

Output 
toe Enable 

DIX 

DOX 

i^(IN) 

SC(IN) 

WC(IN) 


28 

■ 

56 

ns 

Data 

Output 
tod Disable 

DIX 

DOX 

ME(IN) 

SC(IN) 

WC(IN) 


15 

■ 

■ 

■ 
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8T58 TRANSPARENT BUS EXPANDER 


PARAMETER 

TEST CONDITIONS 

Min 

LIMITS 

Typ 

Max 

UNIT 


Input voltage' 





V 

ViL 

Low 




.8 


ViH 

High 


2.0 




V|C 

Clamp 

-5mA at Vcc min 



-1 



Output voltage 

Vcc = 4.75V 




V 

VoL 

Low 

lOL = 50mA 



.55 


VOH 

High 

lOH = -3.2mA 






Input current 

Vcc = 5.25V 




mA 

IlL 

Low' 

ViL = .5V 



-250 


IlH , 

Highi 

ViH = 5.25V 


<10 

100 


los ' 

Short circuit output current 

Vcc = 4.75V 

-40 



mA 

Icc 

Supply current 

Vcc = 5.25V 



200 

mA 


VOLTAGE WAVEFORMS 




TEST LOAD CIRCUIT 


TYPICAL APPLICATION 



All resistors values are typical and in ohms. 


1. Cl includes probe and jig capacitance. 

2. All diodes are 1N916 or 1N3064. 


USING 2 BUS EXPANDERS 

TO CREATE 33 I/O PORTS PLUS WORKING STORAGE 
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Chapter 15 

THE NATtONAL SEMICONDUCTOR 
PACE AND INS8900 

PACE was developed by National Semiconductor as a single-chip implementation of the multi-chip IMP-16. 
Since it was the first 16-bit, single-chip microprocessor, PACE is the first 16-bit microprocessor described in 
this book. 

As might be expected of an early entry product, PACE had a number of problems — both in design and fabrication 
technology — which limited its acceptance. Therefore the INS8900 was recently introduced by National Semiconduc- 
tor. The INS8900 is a redesigned, NMOS PACE, with internal logic problems resolved. 

In this chapter we will describe both PACE and the INS8900. Specifically, we will identify the problems faced by a 
PACE user, which have been eliminated in the INS8900. 

PACE and the INS8900 are 16-bit microprocessors because they handle data in 16-bit units. In many ways, however, 
the internal architecture of PACE and the INS8900 have an 8-bit orientation: this is something you should keep in mind 
@ while reading this chapter, because it does result in PACE and the INS8900 having program execution speeds that are 
comparable to, rather than being significantly faster than, the 8-bit microprocessors we have described in earlier chap- 
ters. 

The only current manufacturer for PACE and the INS8900 is: 

NATIONAL SEMICONDUCTOR. INC. 

2900 Semiconductor Drive 
Santa Clara, CA 95050 

There are agreements between Rockwell International and National Semiconductor and between Signetics and Na- 
tional Semiconductor to exchange microcomputer technical information and to produce each other's products. At the 
present time, neither Signetics nor Rockwell International has elected to second source PACE or the INS8900. 

As shown in Figure 15-1, a typical PACE microcomputer will consist of a mixture of special-purpose PACE support 
devices and standard devices. The PACE microcomputer devices described in this chapter consist of; 

• The PACE CPU 

• The System Timing Element (STE), which generates clock signals for PACE and the system. 

• The Bidirectional Transceiver Element (BTE), which converts the MOS-level PACE signals to TTL-level signals 
for other devices. The BTE is 8 bits wide. 

The Microprocessor Interface Latch Element (MILE), which provides an 8-bit,. bidirectional latched interface 
between the PACE System Bus and external devices, is described in Volume 3. 

The INS8900 needs a clock generator; a 2 MHz crystal and a 74C04 inverter are recpmmended. Otherwise, there are no 
special INS8900 support devices; in fact, you can easily use any NMOS support devices described in Volume 3 
with the INS8900. Specifically, the STE and BTE devices cannot be used with the INS8900, because they provide 
MOS-to-TTL signal level conversions for PACE. The MILE can be used with either PACE or the INS8900. 

PACE requires -F5V, -F8V and -12V power supplies. The -F8V is a substrate voltage require- 
ment of the CPU and can be derived from the -F5V power using a few discrete components. 

Therefore, a system can be implemented using only two primary power supplies: -F5V and 
-12V. The INS8900 also uses three power supplies: -F12V. -f5V and -8V. 


The INS8900 uses a 500 nanosecond clock to provide typical instruction execution times in the range of 8 to 20 
microseconds. PACE (IPC-16A/520D) uses a 750 nanosecond clock to provide typical instruction execution 
times in the range of 12 to 30 microseconds. 


PACE/I NS8900 
POWER SUPPLY 


EXECUTION 

SPEED 
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Before making direct comparisons of these instruction execution times with those of other devices, however, note 
carefully that because of the 16-bit architecture of PACE and the INS8900, it may take many instructions on another 
microcomputer to perform the same operations as a single INS8900/PACE instruction. 

MOS level signals are input and output by PACE. TTL level signals are input and output by the 
INS8900. 

P-channel silicon gate, MOS/LSI technology is used with PACE. N-channel MOS technology is 
used by theilNS8900. . 

PACE AND INS8900 MICROCOMPUTER SYSTEM OVERVIEWS 

Figure 15-1 conceptually illustrates a PACE system. Figure 15-2 conceptually illustrates an INS8900 system. 
As with any mini-' Or microcomputer system, the CPU outputs data, address, and control signals. In the case of 
PACE and the INS8900, the data and address signals use the same bus lines; therefore, they are said to be 
multiplexed. 

Timing' signals needed by PACE are generated by the System Timing Element (STE). 

PACE signals are all MOS level: the STE therefore generates two sets of timing signals; 
one set are MOS level for PACE, the other set are TTL level for external logic. 

Since PACE signals are MOS level. Bidirectional Transceiver Elements (BTEs) must be 
present to translate outgoing signals from MOS to TTL levels, and to translate incoming 
signals from TTL to MOS levels. BTEs are quite indiscriminating in the signals they translate; 
in either direction, any signal arriving at an input pin is faithfully reproduced at the corres- 
ponding output pin. Control signal options allow a BTE to operate bidirectionally, to drive output signals only, or to 
place both the MOS and TTL outputs in a high-impedance mode. Since the BTE is 8 bits wide, two BTEs operating 
bidirectionally provide buffering for the 16-bit. Address/Data Bus. A third BTE, operating in the drive-only mode, pro- 
vides buffering for the PACE control signals. (NADS, ODS. IDS. and Flags). 

A complete TTL level bus is created by combining BTE outputs with the TTL level timing 
signals output by the STE. Remember, though, that the 16 address/data lines are multiplexed. 

External logic that can demultiplex these lines and that can respond to the PACE timing and con- 
trol signal logic can connect directly to the TTL level address/data lines. For.example, National Semiconductor provides 
ROM and RAM devices with on-chip address latches: these devices can interface directly to the TTL level bus. 

If memory devices or I/O ports are used that cannot demultiplex the address/data lines, you must 
provide separate logic to perform this function. No special PACE family devices are available for 
this purpose; however, standard logic devices can be used. For example, two hex flip-flop devices 
and a quad flip-flop device would provide a latched 1 6-bit Address Bus. Two 821 2 I/O ports could 
also be used to latch the 16 bits of address information. The PACE Address Data Strobe (NADS) 
signal can be used as the CLK input to the flip-flops or as the STB input to the 8212s. The PACE Address Data Strobe 
(NADS) signal can be used as the CLK input to the flip-flops. In many systems this is the most effective approach since 
a latched Address Bus allows you to use simpler address decoding techniques to generate memory chip enable and I/O 
port select signals. 

Figure 15-2 illustrates an IIMS8900 microcomputer system. Logic is quite elementary — and equivalent to that 
which you would expect with any other microcomputer. Control Bus. Data Bus, and Address Bus lines are buffered 
using INS8208 bidirectional buffers. These are National Semiconductor standard catalog devices, recommended by 
National Semiconductor and illustrated in their literature: however, any other buffer would do equally well. The 
Data/Address Bus is shown being demultiplexed by 8212s to create separate Data and Address Busses. This again is 
straightforward logic. 
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Figure 15-1. A National Semiconductor PACE Microcomputer System 
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SENSE LINES IN f' 



Figure 15-2. A National Semiconductor INS8900 Microcomputer System 

INSSgOO PROGRAMMABLE REGISTERS 

The INS8900 (and PACE) has four 16-bit Accumulators and a 16-bit Program Counter; these registers may be il- 
lustrated as follows: 


AGO Primary Accumulator 

AC1 Secondary Accumulator 

AC2 Secondary Accumulators 

AC3 and Index Registers 

PC Program Counter 


Accumulator ACO may be likened to a primary Accumulator as described for our hypothetical microcomputer in 
Volume 1. 

Accumulator AC1 is a secondary Accumulator. 

Accumulators AC2 and ACS are equivalent to a combination of secondary Accumulators and Index registers. 

Recall from Volume 1, Chapter 6 that an Index register differs from a Data Counter in that the Index register contents 
are added to a displacement (which is provided by a memory reference instruction) in order to determine the effective 
memory address. 

The Program Counter serves the same function in an INS8900 system as it does in our hypothetical microcom- 
puter described in Volume 1. 

Figure 1 5-3 illustrates that part of our general microcomputer system logic which has been impiemented in the 
INS8900 microprocessor. 
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Figure 15-3. Logic of the INS8900 Microprocessor 


INS8900 STACK 

A Stack is provided on the INS8900 (and PACE) chip. The Stack is 1 6 bits wide and 10 words deep. The Stack is 
not a cascade stack, as described in Volume 1, Chapter 6; rather, chip logic maintains its own Stack Pointer to identify 
the next free Stack word. The Stack Pointer is automatically incremented and decremented in response to Push and 
Pull operations. Stack Push and Pull operations are initiated by CPU logic during execution of Jump-to-Subroutine 
(JSR) and Return-from-Subroutine (RTS) instructions, and during interrupt processing, to automatically save and 
restore the Program Counter. 

In addition, the Stack can be used for temporary storage of data or status information. There are instructions 
which allow you to transfer words between the Stack and any Accumulator, or the Status and Control Flag register. 
This capability can significantly reduce the number of memory accesses required (thus increasing system speed) and 
can also reduce read/write memory requirements since intermediate values can be stored on the Stack. 

Whenever the Stack becomes completely filled or emptied, an Interrupt Request is 
generated on the INS8900 chip. If you have enabled Stack Interrupts, program execution will 
be suspended, allowing you to deal with the situation. A Stack Full condition will indicate that 
it is time to dump data accumulated on the Stack out to read/write memory. 


INS8900 AND 
PACE STACK 
INTERRUPTS 
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INS8900 AND PACE ADDRESSING MODES 

Most INS8900 (and PACE) memory reiference instructions use either direct or direct, indexed addressing. A few 
instructions also offer indirect addressing and pre-indexed, indirect addressing. Refer to Volume 1 , Chapter 6 for a 
description of these addressing modes. 

All memory reference instructions have the following object code format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 


Address displacement 
Addressing mode selection 

00 = Base Page address 

01 == Program relative address 

10 = Indexed (AC2-relative) 

1 1 = Indexed (AC3-relative) 

Instruction operation code 

The 2-bit XR field lets you specify with each instruction the type of direct addressing you want used: base page, pro- 
gram relative or indexed (AC2- or AC3-relative). Since the address displacement is an 8-bit field in the instruction word, 
direct addresses are paged and each page consists of 256 words. Indexed and paged addressing variations have been 
described in Volume 1. Chapter 6. 

In addition, the INS8900 (and PACE) offers a variation of base page addressing, which is 
not described in Volume 1, Chapter 6. There is a control input signal (BPS) which allows 
the base page to be split between the top and bottom 128 words of memory, as follows: 


INS8900 AND 
PACE SPLIT 
BASE PAGE 



Normal Base Page MEMORY Split Base Page 


Displacement = 
through FF 


ment =00 J 


Base Page 


Displacement = 00 through 7F 



Displacement = 80 through FF 
Frequently these addresses are 
reserved for external devices 


BPS high splits the base page: BPS low keeps the base page as the bottom 256 words of 
memory. 


Depending on how an INS8900 system has been configured, the base page may be permanently defined as split or as 
normal; or the base page may be varied between the two options under program control. There are a number of output 
control flags (which are described next) that may be set or reset under program control. If one of these flags is con; 
nected to the base page select pin, then setting or resetting this flag determines which base page option will be in 
effect: 



15-6 





ADAM OSBORNE & ASSOCIATES, INCORPORATED 


Splitting the base page between the top and bottom of memory is useful in an INS8900 microcomputer system 
because it simplifies external device addressing. If we reserve all memory addresses in the range FF 8 O -|0 - FFFF -|0 for 
external devices, then external logic merely has to AND the top nine bits of an address and thus determine if an exter- 
nal device (rather than a memory location) is being addressed: 


15 14 13 12 1 no 9 8 7 6 5 4 3 2 l o- 
ll I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 ix|x|x|x|x|x|x| 



' Bit No. 


8 or higher 

If these nine bits are all 1, then an 
external device is addressed 


Splitting the base page also makes it easy to implement half of the base page in ROM, leaving the other half in RAM. 

To a programmer, this scheme provides an easy way of generating 128 external device 
addresses. If the split base page option is in effect, then base page, direct addressing can be 
interpreted as external device addressing, so long as the high-order bit of the displacement is 
1 : 


INSSgOO/PACE 

splIt base 

PAGE TO 
ADDRESS I/O 


15 14 13 12 11 10 9 



1 1 I I 1 1 ixhi 1 1 1 1 1 m 


Memory Reference instruction code 
Displacement 


Bit No. 


■ Becomes I/O instruction if there is a 1 here and 
split base page is being used to address I/O 


• 00 specifies 
Base Page addressing 


The base page and program relative options do not apply when the displacement is part of a 
direct, indexed address. When indexed addressing is specified, the INS8900 adds the con- 
tents of the displacement, as a signed binary number, to the contents of the identified 
Index register (AC2 or ACS). The sum becomes the effective address. Here are some ex- 
amples: 

Index Register Displacement 

Contents Value Effective 

213A„ 4C„ 213A 



Propagated Sign Bit 



20FE 

Observe that the high-order bit of the displacement, being a sign bit, is propagated through the missing high-order dis- 
placement byte. 

Instructions that allow indirect addressing simply superimpose indirect addressing logic on the preceding direct 
address generation logic. For example, if indirect addressing without indexing is specified, then a base page or pro- 
gram relative direct, address will be computed in the normal way, but the effective address is contained in the memory 
location identified by the direct address. 


INS8900/PACE 
DIRECT INDEXED 
ADDRESSING 
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This illustration shows base page, indirect addressing; arbitrary memory addresses are used to make the illustration 
easier to understand; 


Memory ^ 0000 

Address 0001 


0043 

0044 

DISP=45„ ^ 0045 

0046 

0047 



2178 


2179 

Effective ““ 

^ 217A 

Memory 

217B 

Address 

217C 



This illustration shows program relative, indirect addressing; again using arbitrary memory addresses: 


Memory 

Address 



Effective 


Memory 

Address 
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If indirect addressing with indexing is specified, then a direct address is first computed by adding the displacement, as 
a signed binary number, to the contents of the specified Index register; the direct indexed address thus computed pro- 
vides the memory location where the indirect address will be found. This is illustrated as follows: 


Memory • 

► OFDC 

Address 

OFDD 


OFDE 

AC2 = 1042, g 

► OFDF 

DISP = 9D„ 

OFEO 

1042 + FF9D =0FDF 



extended sign bit 


2178 


2179 

Effective 

^ 217A 

Memory 

217B 

Address 

217C 


MEMORY 


21 7A 


Direct, indexed addressed word 


This word addressed indirectly 


INS8900 AND PACE STATUS AND CONTROL FLAGS 

The INS8900 has a 16-bit Status and Control Flag register. This register is on the CPU chip and is illustrated as 
follows; 

® 


.. 

EXIT 

F14 

F13 

F12 

F11 

BYTE 

INT 

EN 

LINK 

CRY 

OVF 

IE5 

IE4 

IE3 

IE2 

IE1 "1" 

INTO 
















Fourteen of the 16 register bits are used. Three of the 14 bits are status flags as we define a status flag. These 
three flags are: 

Overflow (OVF), which is a typical Overflow status. 

Carry (CRY), which is set and reset by arithmetic operations, as described for a typical Carry status. 

Link (LINK), which is set and reset by Shift and Rotate instructions, as described for the hypothetical microcom- 

puter's Carry status in Volume 1, Chapter 7, 

The separation of Carry into two statuses, one for shift and rotate operations, and the other for arithmetic 
operations, is a fairly common minicomputer feature; the advantage of separating these two statuses is that the 
results of arithmetic operations can be preserved across subsequent Shift and Rotate instructions. 

BYTE causes data to be accessed in 8-bit lengths when this status is set to 1 . or in 1 6-bit lengths when this status is 
set to 0. 

Five bits (IE1 through IE5) are reserved for interrupt processing. These five bits selectively enable and disable five 
interrupt lines. One of these lines (IE1) is reserved for the Stack Overflow interrupt, the other four lines are available for 
external device interrupt requests. There is also a master interrupt enable and disable bit (INT EN). 

Bits F1 1, F12, F13 and F14 are control flags which are output directly to INS8900 and PACE device pins: they can 
be used in any way to control external devices. One use, to select normal or split base page addressing, has already 
been described. 

Only the three status flags OVF, CRY and LINK are automatically set or reset in the course of instruction execu- 
tion. The remaining 1 1 bits of the Status and Control Flags register are set and reset by instructions or instruction se- 
quences that read data into, or write data out of, the Status and Control Flags register. 
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INS8900 AND PACE CPU PINS AND SIGNALS 

Pins and signals are illustrated in Figure 15-4 for the INS8900 and PACE devices. There 
are some small differences between the two sets of pin outs. These differences are 
shaded in Figure 15-4. Within the shaded areas, the INS8900 signal is shown closest to the ar- 
row. The PACE signal is shown in brackets further out. Here is a summary of pins that differ: 


Pin 

INS8900 

PACE 

Number 

Signal 

Signal 

20 

GND 

Vss (+5V) 

23 

Vbb (-8V) 

Vbb (+8V) 

24 

CLKX 

NCLK 

25 

Vcc (+5V) 

CLK 

29 

Vdd (+12V) 

Vgg (-12V) 


The pin out differences between PACE and the INS8900 are not surprising. Since PACE uses P-channel MOS tech- 
nology, while the INS8900 uses N-channel MOS technology, we would expect power supply differences. Also, the 
INS8900, being a newer product, requires just one clock signal input (CLKX), compared to the two required by PACE 
(CLK and NCLK). 
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Let us examine the pins and signals in detail. 



1 


40 

2 


39 

3 


38 

4 


37 

5 


36 

7 


34 




9 


32 

10 

INS8900 

31 

11 

CPU 

30 

12 



13 


28 

14 


27 

15 


26 

16 


25 

Tfl 


23 

19 


22 

20 


21 



PIN NAME 

DESCRIPTION 

TYPE 

CLKX (CLK, NCLK) 

Clock Lines 

Input 

*D00 - D15 

Data/Address Lines 

Tristate, Bidirectional 

•IDS 

Input Data Strobe 

Output 

•ODS 

Output Data Strobe 

Output 

•NADS 

Address Data Strobe 

Output 

•EXTEND 

Clock Delay 

Input 

•NINIT 

CPU Initialize 

Input 

•NHALT . 

Stop CPU 

Bidirectional 

•CONTIN 

Continue Jump Condition 

Bidirectional 

•BPS 

Base Page Select 

Input 

•JC13 - JC15 

Control Flags 

Output 

•F11 - F14 

Control Flags 

Output 

•N1R2 - NIR5 

Interrupt Requests 

Input 

Vbb- Vgg- Vss- Vcc 

Power and Ground Lines 

Input 

•JC13-JC15 , 

Jump Conditions 

Input 

•These signals connect 

to the System Bus. 



Figure 15-4. INS8900 and PACE CPU Signals and Pin Assignments 
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There are 16 data and address lines (DO - D15). which are multiplexed for data input, data output and address 
output. Two control lines, ODS and NADS, identify output on the data and address lines as either data (ODS) or 
addresses (NADS). A further control line, IDS, is used to strobe data input. 

The EXTEND control input is used by slow memories or external devices to lengthen an instruction's execution 
time by increasing the duration of a data input/output cycle; this extends the time available for memories or external 
devices to capture data output, or to present input data. 

The NINIT input control initializes PACE; the Program Counter is set to 0. The Stack Pointer, the Stack and the Status 
and Control Flags register are cleared. 

BPS has already been described; it is used to select either normal or split base page, for base page direct ad- 
dressing. 

NHALT is a bidirectional control signal used by interrupt and halt logic. As an input, NHALT can induce a Halt state, 
or in conjunction with CONTIN, it can generate a level 0 (highest priority) interrupt request. When the CPU executes a 
Halt instruction, NHALT is output high to identify the Halt state. The various uses of NHALT and its interaction with 
CONTIN are described in detail later in this chapter. 

The CONTIN signal is used to terminate a Halt condition and is also used as an output interrupt acknowledge 
signal. When CONTIN is properly sequenced with the NHALT signal, it initiates a high priority interrupt, as We men- 
tioned in the preceding paragraph. CONTIN can also be used as a Jump condition input in the same way as JC1 3, 14 
and 15, which are described next. 

JC13, 14 and 15 provide an interesting capability found in very few microcomputers discussed in this book; the con- 
dition of these three inputs can be tested by a Branch-on-Condition (BOO instruction, thus allowing external con- 
trol signals to directly manipulate PACE program instruction sequences. 

F11. 12, 13 and 14 are the outputs for the corresponding flag bits in the Status and Control Flags register. 

NIR2, 3, 4 and 5 are the external interrupt request lines. Interrupt priority arbitration logic is included on the 
INS8900 (and PACE) chip. NIR2 has the highest priority of the external interrupt lines, and NIR5 has the lowest priority. 

INS8900 AND PACE TIMING AND INSTRUCTION EXECUTION 

PACE uses a combination of two clock signal inputs to time events internally within the 
microprocessor CPU. The clock signals and the resultant internal clock phases can be illustr- 
ated as follows: 


PACE 

CLOCK 

SIGNALS 


Internal Clock 
Phase 




One Clock Period 

One Clock Period 

One Clock Period 

One Clock Period 

Tl 

T2 

T3 

T4 

T5 

Te 

Tl 

Te 










f 

I 

NCLK ^ I 

I 

I 
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The INS8900 clock logic has been simplified. A single, uniform clock signal generates all timing as follows: 
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One Clock Period 

One Clock Period 

One Clock Period 
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T3 
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Several points should be noted regarding INS8900 and PACE timing. The internal clock phases 
(T1 through T8) are meaningless to external logic since they are not accessible, nor are they 
needed for any external synchronization purposes. We have shown them merely because they 
will simplify later discussions of data input/output operations. Four clock periods constitute a 
single rnachine cycle. Most instructions require between four and seven machine cycles for ex- 
ecution. 

So far as external logic is concerned, there are only three types of machine cycles which can 
occur during execution of an instruction: 

1) A data input operation (read) during which external logic must present a word of data to the 
CPU. ' 

2) A data output operation (write) during which the CPU transmits a word of data to external 

logic. , 

3) An internal operation during which no CPU-initiated activity occurs on the System Bus. 

All instructions include one or more data input machine cycles, and two or more internal operation machine cy- 
cles. Only a few instructions include data output machine cycles. The first machine cycle of any instruction’s execution 
must, of course, be ah instruction fetch operation — which to external logic is simply a data input cycle. Let us 

therefore begin by examining the data input machine cycle. 

Figure 1 5-5 illustrates timing for a standard data input machine cycle. Notice that the address 
is only present on the data lines for the first portion of the machine cycle. The NADS signal is sent 
out approximately in the center of the time interval during which the address data is valid; 
therefore, either the leading edge or trailing edge of NADS can be used to clock the address data. 

The IDS signal is sent out at about the same time as the address information is taken off the data lines — well before 
the time when input data is expected by the CPU. This gives external logic time to prepare the input data. The input 
data needs to be valid only for a short time interval later in the machine cycle. Exact timing is given in the data sheets 
at the end of this chapter. 
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Figure 15-6 illustrates timing for a standard data output cycle. The address-output portion of 
the cycle is identical to that of the data input cycle just described: the ODS signal is sent out at 
the same part of the cycle as IDS was. At approximately the same time that ODS is sent out, the 
output data word is placed on the data lines. The output data remains valid beyond the end of the 
ODS signal so that the trailing edge of ODS can be used as the clock for external data latches. 



Figure 15-6. INS8900 and PACE Data Output Timing 
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© The data input/output cycles just described allow approximately two clock periods for ex- 
ternal logic to respond. If this time interval is too short, the EXTEND signal input to the CPU 
can be used to lengthen the I/O cycle by multiples of the clock period (one clock period equals 
two internal clock phases). The EXTEND signal can be placed high during address time or im- 
mediately after the start of IDS or ODS, but it must be high before the end of internal clock 
phase 6 as shown in Figure 15-7. 
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Figure 15-7. Using the EXTEND Signal to Lengthen I/O Cycles 

The timing shown in Figure 15-7 provides the minimum I/O cycle extension of one clock period. 
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The maximum extension permitted by PACE is 2 microseconds; so with , a clock period of 750 nanoseconds, this 
means that only two clock period extensions can be added to an input/output cycle. The second clock period extension 
is achieved by holding the EXTEND signal high for one additional clock period beyond the timing shown in Figure 1 5-7. 
The INS8900 has no maximum permitted extension. 

Notice that the EXTEND signal does just what its name implies; it simply extends the duration of the data transfer por- 
tion of an I/O machine cycle. The trailing edge of the IDS or ODS signal is delayed and, for data input, the time until 
valid input data must be present is delayed. On data output cycles, the valid data is simply maintained on the data lines 
by the CPU for an extended period of time. 

The EXTEND signal can also be used to suspend CPU input activity. This use of EXTEND will be described later 
under the heading of Direct Memory Access. 

THE INITIALIZATION OPERATION 

A NINIT low signal input to the CPU initializes the microprocessor. The NINIT signal is the equivalent of the Reset 
signal described for other microcomputers in this book. While NINIT is held low, CPU operations are suspended; IDS 
and ODS are reset low, NINIT must be held low for a minimum of eight clock periods to give the CPU time to respond. 
After NINIT goes high again, this is what happens: 

1) The internal Stack Pointer is cleared. 

2) All flags and interrupt enables are set low (except Level 0 Interrupt Enable which is set high). 

3) The Accumulators contain arbitrary values. 

4) The Program Counter is set to zero. 

5) 1 6 to 24 clock periods after NINIT returns high, the NADS signal is output high. The first instruction is thus fetched 
from memory location zero (OOOO10).. 

Figure 15-8 illustrates the timing for the initialization operation. Note that the NINIT signal is shown going low after 
power and clocks are both stable. The NINIT signal must be applied whenever the CPU is powered-up; if NINIT is held 
low before clocks and/or power have stabilized, the NADS and NHALT output sigrials may have undefined states for 
eight plock pulses after the trailing edge of NINIT. 



THE HALT STATE AND PROCESSOR STALL OPERATIONS 

Most microprocessors described in this book have a Hold state, which typically describes a CPU condition dur- 
ing which there is no CPU-initiated activity on the System Busses; external logic can then perform Direct 
Memory Access operations. The INS8900 and PACE CPUs have an equivalent state that can be initiated under pro- 
gram control or by external logic. When this state is initiated under program control (by executing a Halt instruc- 
tion) INS8900 and PACE literature calls it the Halt state; when initiated by external logic, it is called a Pro- 
cessor Stall. 

During normal program execution, the CPU NHALT control line provides a high output. When a 
Halt instruction is executed, the NHALT output is driven low to indicate that CPU activity is sus- 
pended. While in the Halt state, the NHALT output has a 7/8 duty cycle; that is, every eighth clock 
phase, the NHALT output goes high. If the NHALT output is merely used to drive an indicator on a 
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control panel, this 7/8 duty cycle is of little concern; but, if the NHALT signal is used as a logic signal, the 7/8 duty cy- 
cle must be accounted for. The Halt state is terminated by setting the CONTIN input signal high for a minimum of 
1 6 clock cycles, and then resetting it low for at least four clock cycles, as shown in Figure 1 5-9. CPU operation 
then resumes by executing the next instruction, that is, the instruction that follows the Halt instruction. 
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Figure 15-9. Terminating INS8900 or PACE Halt State 


As we have just seen, the PACE NHALT and CONTIN signals are interrelated. We men- 
tioned earlier that these signals are also multifunctional. We will describe separately 
each of the functions that can be implemented with NHALT and CONTIN. Do not use 
these signals to implement more than one function unless your application absolutely 
requires the additional functions. Critical and complicated timing relationships are required by the CPU to differenti- 
ate between various functions. For PACE, but not the INS8900, timing is further complicated by some circuit problems 
in the CPU’s interrupt system, which we will describe later. 

The INS8900 and PACE CPU can be forced into the Halt state by external logic. INS8900 
and PACE literature defines this operation as a Processor Stall. A Processor Stall uses both 
NHALT and CONTIN as control signal inputs. Figure 15-10 shows the timing sequence re- 
quired. The NHALT input must be driven low by external logic to initiate the sequence. CPU 
operation is then suspended after execution of the current instruction is completed. The minimum 
response time is five clock cycles. The maximum response time is equal to the longest instruction execution time (refer 
to Table 15-2). There is no maximum time limit for a Processor Stall. The CPU simply remains in the Halt state until it is 
terminated by the CONTIN input signal, which must be properly sequenced with the removal of the NHALT input, as 
shown in Figure 15-10. 

Let us take another look at the beginning of the Processor Stall timing sequence. Notice 
that when the CPU has completed the current instruction and recognized the stail re- 
quest, the CONTIN output signal is briefly driven low by the CPU. This pulse is referred 
to as ACK INT (Acknowledge Interrupt) and can be used to let external logic know that the 
CPU is responding to the stall request. It may seem inappropriate for the CPU to provide an 
Acknowledge Interrupt response when we are initiating a Processor Stall. However, as we shall see later in this chapter, 
a Level 0 Interrupt request begins with exactiy the same timing sequence as a Processor Stall; in fact, the reac- 
tion of the CPU is the same for both operations until that point in the sequence where NHALT goes high. 
Therefore, the initial response of ACK INT is always sent out after NHALT is driven low. 

DIRECT MEMORY ACCESS OPERATIONS 

At the beginning of our Halt state and Processor Stall discussion we mentioned that these are the equivalent of Hold 
states provided by other microprocessors. But there are some significant differences between the INS8900 and 
PACE Halt state, and the Hold state described for other microprocessors in this book. Because of these 
differences. Direct Memory Access operations with PACE or the INS8900 are not straightfo rward. 

The INS8900 and PACE CPUs never float their Data or Control Busses. But remember that the 
design of any realistic INS8900 or PACE system is going to require buffer/drivers for the data lines 
and control signals. The BTE, which is part of the PACE microcomputer family, performs this 
buffering function, 

Any bidirectional three-state buffer can be used to float INS8900 bus lines. In Figure 15-2, 

INS8208 devices are shown performing this function. Thus it is the control signals input to the 
BTE by PACE or to the INS8208 by the INS8900 that actually float bus lines at the proper time, in order to allow DMA 
operations. 
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NOTES: 

1. EXTERNALLY GENERATED TTL INPUTS 
OVERRIDE PACE MOS OUTPUTS. 


2, 



CROSSHATCH INDICATES 'DON'T 
CARE" INPUT STATE. 


3. tg = DURATION OF EXTEND DURING 
PACE I/O CYCLES. TIMING /ASSUMES 
NO OTHER EXTENDS AND NO SUSPENDS. 


Figure 15-10. Timing Diagram for Processor Stall Using 
NHALT and CONTIN Signals 

But we must have a way of determining whether the CPU is going to be using the System Busses. There are 
several methods of making this determination: we will conceptually examine each of them within the context of three 
different DMA schemes: 

1) DMA block data transfers initiated by the CPU 

2) DMA block data transfers initiated by external logic 

3) Cycle-stealing DMA transfers 

From a hardware point of view, the simplest method of implementing DMA in a PACE or 
INS8900 system is to have the CPU initiate block transfers of data. Consider the following 
approach. The CPU will treat an external DMA controller as a peripheral device and will estab- 
lish initial conditions such as starting address, word count, and direction (memory read or 
write). This information can be passed to the controller by treating its registers as memory 
locations and using Store instructions to write into the registers. When the required information has been passed, the 
CPU simply executes a Halt instruction. As we described earlier, when a Halt instruction is executed, the NHALT 
control output line from the CPU is driven low (7/8 duty cycle). This signal could thus be used by the DMA con- 
troller as an indication that the CPU will not be using the System Bus and the DMA transfer can begin. When the 
transfer is completed, the DMA controller will use the CONTIN input to the CPU, as shown in Figure 15-9, to 
terminate the Halt instruction. Normal CPU operation will then resume. 
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Most microprocessors have a Bus Request input signal that can be used by external logic to re- 
quest access to the System Busses. In a PACE or INS8900 system, the NHALT input signal 
can be used to force the CPU into a Processor Stall, as described earlier, and thus free 
the System Busses for DMA operations. The Acknowledge Interrupt (ACK INT) pulse on 
the CONTIN output line shown in Figure 15-10 is then equivalent to a Bus Grant signal, 
and the DMA controller may begin the data transfer. When the transfer is complete, the 
CONTIN line is used as a control input line to the CPU to terminate the Processor Stall. 

Cycle-stealing DMA operations typically transfer a single word via the System Busses during a 
brief interval when the CPU is not using the busses. With this method, CPU operations need 
not be stopped; instead, they are only slowed down slightly, or in some cases not affected at 
all. In order to implement cycle-stealing DMA, external logic must have a way of detect- 
ing those time intervals when the CPU will not be using the System Busses. There are 
two ways that this can be accomplished with the INS8900 or PACE CPU. The first method involves the use of the EX- 
TEND input signal to the CPU to suppress or suspend input/output operations: the second method uses a special tech- 
nique to sense when the CPU is beginning an internal (non-I/O) machine cycle. 

Earlier we described how to use the EXTEND input signal to lengthen the CPU input/output cy- 
cles. The EXTEND signal can also be used to prevent the CPU from beginning an I/O cycle, and 
thus ensure that the System Busses will be available to external devices for DMA operations. 

Figure 15-1 1 illustrates both uses of the EXTEND signal. The CPU looks at the EXTEND input sig- 
nal at internal clock phases T1 and T6. Notice that during I/O cycles the IDS or ODS signal goes 
high at the beginning of T6 and low at the beginning of T1. If EXTEND is high during T6, then ex- 
tra clock cycles are inserted after T8; this is the method that would be used to lengthen an I/O cy- 
cle. If EXTEND is high during T1 , then extra clock cycles are inserted between T3 and T4: this is the method we would 
@ use for DMA operations. 

The trailing edge of IDS/ODS indicates that the CPU has just completed an I/O cycle and is therefore not using the 
System Busses at this instant. By setting EXTEND high at this time, we suppress the beginning of another I/O cycle 
while we use the busses for a DMA transfer. 

Notice that we are merely lengthening the beginning of the machine cycle, and thus delaying that part of the machine 
cycle where the CPU might begin I/O activity. We do not know whether the current machine cycle will be an internal 
machine cycle or an I/O cycle, and we do not care. We have merely stolen the busses by slowing down the CPU. 
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Figure 15-11. Using PACE EXTEND Signal for Cycle-Stealing DMA 
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There are two drawbacks inherent in the EXTEND method of cycle-stealing DMA. First whenever we use the System 
Busses for a DMA transfer, we slow down the operation of the CPU. Second, we must wait until the CPU has just com- 
pleted an input/output cycle before we can perform the cycle steal. Since only about one-third of the CPU machine cy- 
cles are used for I/O, this means that bus access for DMA will be quite limited. Both of these drawbacks can be elimi- 
nated if we can find some technique for determining when the CPU is performing an internal (non-I/O) machine cycle. 
We could then use the System Busses any time that the CPU is not using them (which is more than 60% of the 
time) and we could perform the DMA transfer without slowing down CPU operations. We shali now describe 
just such a technique. 

We stated earlier in this chapter that the internal clock phases (T1 through T8) are not availa- 
ble to external logic. However. National Semiconductor data sheets include a figure that shows 
circuits for internal drivers and receivers. A detailed examination of this figure reveals a very 
interesting and useful fact: the JC13 (Jump Condition 13) pin on the CPU is intended as ari in- 
put signal: but, because of the way in which the receiver for this signal is designed, it also pro- 
duces an output pulse on the JC13 pin during every machine cycle. The output pulse occurs 
during T4 of each machine cycle, and we can use this fact to design a very efficient cycle-stealing DMA arrangement. 



(From STE) 


Figure 15-12. Idealized Circuit for Cycle-Stealing DMA During INS8900 and 
PACE Internal Machine Cycles 

Figure 15-12 shows a circuit that uses the output pulse provided by JC13 to implement cycle-stealing DMA. Recall 
that the CPU sends out a negative-going NADS pulse at T4 of every input/output cycle. This NADS signal is ANDed in 
our circuit with an external device's DMA Bus Request and applied to the D input of a flip-flop. The JC1 3 output pulse, 
which also occurs at T4, is inverted via a transistor and applied to the clock input of the flip-flop. Thus, if NADS is high 
at T4 (indicating that the current CPU machine cycle is not an I/O cycle) the flip-flop will be set if there is a Bus Request 
present. The output of this flip-flop is then used by external logic as a Bus Grant signal and the DMA transfer can be in- 
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itiated. Since we do not know whether or not the next cycle will be a CPU I/O cycle, we must terminate DMA activity on 
the bus prior to the next T4 time. In Figure 15-12, this is accomplished using a divide-by-four counter. 

The CLK input to the counter is a combination of the Bus Grant signal and the TCLK signal which is available from the 
PACE STE. This results in the timing shown in Figure 15-13. Notice that this scheme makes the bus available for about 
7/8 of a machine cycle, or approximately 2.25 microseconds. If you refer back to Figure 14-10 you will notice that this 
is about the same length of time as was obtained by using the maximum duration of EXTEND. So, we have not in- 
creased the maximum time available for a DMA transfer. But, we have made two significant gains: DMA transfers can 
occur more frequently, and these transfers do not slow down CPU operations. 

We must add a final note of caution to the description of this otherwise straightforward DMA technique. There are 
several critical timing paths in the idealized circuit shown in Figure 15-12. Both the JC13 pulse and the NADS signal 
occur at T4, although the trailing edge of NADS does occur slightly after the trailing edge of JC13. Therefore, the com- 
ponents used to provide CLK and D inputs to the flip-flop must be selected carefully to ensure that there is not a race 
condition. Additionally, we have shown the Bus Grant signal being reset at the end of T3. Sjnce the leading edge of 
NADS occurs at T4, this timing relationship can be critical. However, if external devices such as address latches and 
decoders use the trailing edge of NADS, this timing should present no problems. 


T3 T4 T5 T6 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8 T1 T2 T3 T4 T5 
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Figure 15-13. Timing for Cycle-Stealing DMA During INS8900 and PACE Internal Machine Cycle 


THE INS8900 AND PACE INTERRUPT SYSTEM 

The INS8900 and PACE CPUs have complete on-chip interrupt systems. Six separate levels of interrupts are 
provided: one internal and five external interrupt request inputs, including a non-maskable input. Priority logic is 
provided on the CPU, and all interrupts are vectored, thus eliminating any polling requirements. Because of the 
various ways in which interrupts can be initiated, and also because of a few problems that exist in the PACE in- 
terrupt system, we will divide our description of the system into three parts: 

1) Low priority external interrupts 

2) Internal (Stack) interrupts 

3) Non-maskable (Level 0) interrupts 

But first, let us take an overview of the INS8900 and PACE interrupt system. 
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Figure 15-14. Internal View of INS8900 and PACE Interrupt System 
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Figure 15-14 depicts the interrupt logic that is contained on the CPU. The highest priority in-- 
terrupt request is the non-maskable Level 0 interrupt request, whjch is initiated using 
the NHALT control input to the CPU. The lowest priority interrupt request is NIR5. 

The Stack Interrupt and each of the four lower-priority external interrupt requests can be 
individually enabled or disabled by setting or clearing associated bits (IE1 - IE5) in the 
Status and Control Flag register. Notice in Figure 15-14 that these bits are shown as provid- 
ing the 'R' input to a latch. The 'S' input to each of these latches is the actual interrupt request 
line. The significance of this is rather subtle. It means that an interrupt request need not supply 
a continuous low level until it is acknowledged. Instead, any pulse exceeding one PACE clock 
period will set the associated interrupt request latch: this allows narrow timing or control 
pulses to be used as interrupt request inputs. Note, however, that the 'R' input to the latches overrides the 'S' input. 
Therefore, if the individual Interrupt Enable flag is reset, it not only prevents the latch from being set by interrupt re- 
quests, it will also clear a previously latched request that may or may not have been serviced. If this logic is not clear to 
you, you should study the characteristics of the RS flip-flop. 
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A master interrupt enable (lEN) flag is aiso provided in the Status and Control Flag register. lEN must be set true 
to allow any of the latched interrupt requests to be recognized by the CPU. 

The CPU checks for interrupts at the beginning of every instruction fetch. If an interrupt request is 
present (and enabled), the instruction fetch is aborted, the contents of the Program Counter are 
pushed onto the Stack, and the master interrupt enable (lEN) is set low. The CPU then loads the 
Program Counter with the address vector for your interrupt service routine and executes the in- 
struction contained at that address. (We'll describe the address vectors in the next paragraph.) 

The interrupt request just described requires a total of 28 clock cycles from the time the interrupt is recognized by the 
CPU until the time when the first instruction of your interrupt service routine begins execution. 


INSSgOO AND 
PACE 

INTERRUPT 

RESPONSE 


Memory locations OOO2i0 through OOO813 are used as pointer locations or address vectors. 

You load each of these locations with the starting address of the interrupt service routine for each 
interrupt as follows: 


MEMORY LOCATION 
2 

3 

4 

5 

6 

7 

8 


INTERRUPT POINTER FOR 

{ 

Stack Interrupt 

NIR2 

NIR3 

NIR4 

NIR5 


Level 0 Program Counter Pointer 
Level 0 Interrupt Origin 


Special 

case 
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The level 0 interrupt is a special case which we will describe on its own. But first let us look at interrupts in 
general. 

When the CPU responds to an interrupt, it loads the Program Counter with the contents of memory locations 2 through 
6 , depending on the specific level of interrupt that is being acknowledged. Control is thus vectored to the proper ser- 
vice routine. Suppose, for example, memory location 4 contains the value 2A30i 5 . If an interrupt request occurring at 
pin NIR3 is acknowledged, then during the acknowledge process the contents of the Program Counter are saved on the 
Stack, following which the value 2 A 3 Oi 0 is loaded into the Program Counter. Had the value 4728i0 been in memory 
location 4, then 4728i 0 would have been loaded into the Program Counter instead of 2 A 30 - 1 0 . Thus, whatever memo- 
ry address is stored in the memory location associated with the interrupt being acknowledged, this address will be 
loaded into the Program Counter, becoming the starting address for the specific interrupt service routine to be ex- 
ecuted. 

As part of the interrupt response we've just described, the CPU sends out a low-going pulse on 
the CQNTIN line. Refer back to Figure 15-10 and associated text for a description of the ACK 
INT pulse. The last instruction executed by your interrupt service routine must be a Return- 
from-lnterrupt (RTI) instruction. This instruction sets lEN high to re-enable interrupts, then 
pulls the top of the Stack into the Program Counter. This returns program control to the point 
where it was interrupted. The RTI instruction does not clear the internal Interrupt Request 
latch; therefore your interrupt service routine must reset the latch (using a Pulse Flag instruc- 
tion), or the same interrupt request will still be present after the RTI instruction has been executed. Once the latch has 
been cleared, it can then be re-enabled for subsequent interrupt requests. 
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The interrupt sequence does not save the contents of any registers except the Program Counter. If 
the program that was interrupted requires that the contents of CPU registers be saved and then 
restored, your interrupt service routine must perform these operations. 

The CPU's response to a Stack interrupt is as described for external interrupts. However, the inter- 
rupt request is generated internally by the CPU chip; it can be caused either by a Stack Full or a 
Stack Empty condition. Remember that the 1 0-word Stack is part of the CPU chip. It consists of an 
internal RAM and a pointer that can address Stack words 0 through 9. A Stack Empty interrupt re- 
quest is generated whenever the pointer is at 0 and a Pull instruction is executed. A Stack Full in- 
terrupt request occurs when the pointer is at 7 (eight entries on the Stack) and a Push instruction 
is executed to fill the ninth word. The tenth word of the Stack will then be used as part of the in- 
terrupt response to store the Program Counter contents. Unless you intend to extend the Stack out 
into main memory, your application program will not require a Stack Empty or Full interrupt. These interrupts become 
error conditions and can be avoided by careful programming. 

If your program is treating the Stack Empty and Stack Full interrupts as error conditions, then you can disable Stack in- 
terrupts, in which case the full ten words of the Stack are available for nested interrupts and subroutines. Of course, 
this means that a Stack Full or Empty condition, should it occur, will become an undetected error, with unpredictable 
consequences. 

When using PACE, but not the INS8900, there is an additional reason for not using the Stack in- 
terrupt capability unless you really need it. PACE has an internal circuit problem that can cause 
improper interrupt response. If a Stack interrupt request occurs at the same time as an NIR3 
or NIR5 interrupt request, the Stack interrupt address vector will be incorrectly accessed 
from location 0 instead of location 2. The solution recommended in PACE literature is to load 
both of these locations with the Stack interrupt vector. This apparently straightforward solution is complicated by the 
fact that location 0 also happens to be the initialization address; whenever the CPU is initialized, the first instruction ex- 
ecuted is the one that is contained in location 0. Thus, the word in location 0 must serve a dual purpose: 

1) It serves as an instruction whenever the CPU is initialized. 

2) It serves as an address vector if a Stack interrupt occurs at the same time as NIR3 or NIR4. 

Here's an example. The object code for a Copy Flags to Register (CFR) instruction is O4OOi0. So, if locations 0 and 2 
both contain a value of O4OOi0 the problem is solved. Your Stack interrupt service routine would have to begin at 
memory address O4OOi0, but you would be correctly vectored to that address regardless of whether or not the inter- 
rupt error we've just described occurs. On initialization, the first instruction executed would be the CFR instruction: this 
is not a very useful initialization instruction, but at least no damage is done. 

For a fuller discussion of this interrupt problem and the solution, refer to PACE literature. Also keep in mind that 
the problem has been fixed in the INS8900. 

The non-maskable (Level 0) interrupt cannot be disabled and differs from the other interrupt levels both in the 
way it is initiated and in the way the CPU responds to it. 

The Level 0 interrupt request is initiated using the NHALT control input signal in com- 
bination with the CONTIN input line. Figure 15-15 shows the timing relationships bet- 
ween NHALT and CONTIN that are required to initiate the non-maskable interrupt. If you 

compare this figure with Figure 15-10. you will notice that the Level 0 interrupt request and 
the Processor Stall begin in exactly the same way; NHALT is driven low by external logic and 
held low for some time after a low-going pulse (ACK INT) has been sent out on the CONTIN 
line. The only difference between the two operations is towards the end of the timing sequence. For a Processor Stall, 
NHALT is allowed to return high while CONTIN is still high; for a Level 0 interrupt, the CONTIN line must be driven low 
by external logic before the NHALT line is allowed to go high. This critical timing sequence is the only way that the CPU 
has to differentiate between a Processor Stall and a Level 0 interrupt. Notice that this Level 0 interrupt timing sequence 
never requires external logic to drive CONTIN high. Therefore, if you're using the CONTIN line for any of its other multi- 
ple functions (including the ACK INT output pulse) you can merely tie CONTIN to ground and use NHALT to initiate the 
Level 0 interrupt. 

The response of the CPU to the Level 0 interrupt is subtly different from its response to 
other interrupts. These subtle differences are related to the slightly different purpose of a non- 
maskable interrupt versus a normal program interrupt request. A non-maskable interrupt is 
typically used only when there is a catastrophic error or failure (such as loss of power) or to imple- 
ment a control panel for program development or debug purposes. Both of these uses require that 
an asynchronous, unplanned program termination have a minimum effect upon system status; 
that is, you want to leave behind a picture of the system as it looked immediately before the program termination oc- 
curred. 
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Remember that other levels of interrupts store the contents of the Program Counter or the Stack and reset the lEN flag 
in the Status and Control Flag register. This sequence obviously alters the "picture" of the CPU, since both Stack con- 
tents and Status and Control Flag register contents are changed. To avoid this, the Level 0 interrupt response by the 
CPU uses an external memory location to store the contents of the Program Counter. Memory location OOO7i0 holds 
the address of the memory word where the Program Counter will be stored. The contents of the Status and Control Flag 
register are unaltered. CPU internal circuitry resets an "IRQ INT ENABLE flag to prevent another interrupt from being 
recognized (refer to Figure 1 5-1 6). but this is not discernible to you. After the Program Counter has been saved in the 
designated memory location, the instruction contained in memory location 0008-| 6 is executed; this is the first instruc- 
tion of your Level 0 interrupt service routine. Suppose, for example, that memory location 0007-) 5 contains the value 
FFOO1 0. Following a Level 0 interrupt request, the Program Counter contents will be stored in location FFOO1 0. Follow- 
ing the Level 0 interrupt acknowledge, the actual instruction stored in memory location OOO8-|0 is executed. 

Note that the Level 0 interrupt acknowledge sequence has not altered anything within the CPU that is discernible to 
you or to a program: the Stack, Accumulators, and Status and Control Flag register are all unchanged. Additionally, 
avoiding use of the Stack ensures that there will not be a Stack overflow — and in consequence a Stack interrupt will 
not be generated by this interrupt response sequence. ___________ 

The normal Return-from-lnterrupt (RTI) instruction that must be executed at the end of your inter- RETURN FROM 
rupt service routine causes the Program Counter to be restored from the Stack. Since the Level 0 PACE LEVEL 0 
interrupt sequence does not utilize the Stack to store the Program Counter, a different tech- INTERRUPT 
nique must be used to return control to the interrupted program. First you must execute a Set 
Flag (SFLG) or Pulse Flag (PFLG) instruction, referencing bit 15 in the Status and Control Flag register. This bit always 
appears to be set to a '1', but must be referenced in this case to enable lower levels of interrupts. Next you must ex- 
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ecute a Jump Indirect (JMP@) through the location pointed to by the contents of memory location OOO7i0 to restore 
the original Program Counter contents. 

PACE, but not the INS8900, has some Level 0 interrupt circuit problems. 

If a Level 0 interrupt occurs within the 12-clock-cycle period following the recognition of 
any other interrupt, PACE will either perform a Processor Stall (which we described earlier) 
or PACE will execute the Level 0 interrupt — but using the wrong pointer address. In short, 
you don't know what might happen under these circumstances. There is a solution for this prob- 
lem. It requires that external logic allow NHALT to be applied to the PACE CPU only while the NADS signal is present, 
provided no Acknowledge Interrupt (ACK INT) has occurred since the last NADS pulse. ACK INT is accompanied by a 
negative-going pulse on the CONTIN jine. Sound complicated? It is. 

The circuit shown in Figure 1 5-1 6 is reproduced from PACE literature and solves the problem we've just described. We 
won't attempt to describe here how this circuit solves the problem. Note that this circuit only takes care of Level 0 in- 
terrupt problems; if you also want to lise NHALT and CONTIN to cause a Processor Stall, you must design additional ex- 
ternal logic. 

Once again, we must advise that these interrupt system problems exisf in PACE CPU chips. The INS8900 has 
none of these problems. 

THE INS8900 AND PACE INSTRUCTION SET 

Table 15-1 summarizes the INS8900 and PACE instruction set. 

The primary memory reference instructions have typical minicomputer addressing modes. These instructions will also 
be used as I/O instructions, since external devices are identified via selected memory addresses. 

Ip Table 1 5-1, "direct addressing options" means the instruction can reference memory using any 
of the direct or direct indexed addressing options described earlier. 

"Indirect addressing options" similarly specifies any of the indirect addressing options described 
earlier. 

Both Branch and Skip instructions are provided, and each differs significantly from the philoso- 
phies described ip Volume 1, Chapter 6. 

There are 1 6 conditions that can cause a Branch, as shown in Table 1 5-3. Notice that three of the conditions are deter- 
mined by external inputs JC13, 14, and 15. If a Branch-on-Condition is true, then the displacement which is added to 
the Program Counter is an 8-bit signed binary number as described in Volume 1, Chapter 6. 

There are three varieties of Skip-on-Condition instructions. SKNE, SKG and SKAZ compare the contents of an Ac- 
cumulator to a memory location which is addressed using direct or direct indexed addressing. Based on the results of 
the comparison, the instruction following the Skip may or may not be executed. These three instructions are therefore 
combined Skip and Memory Reference instructions. ' 

ISZ and DSZ identify a memory location using direct or direct indexed addressing; the contents of the addressed 
memory location are incremented (ISZ) or decremented (for DSZ); if, after the increment or decrement operation the 
memory location contains a 0 value, then the Skip is performed. 

The AISZ instruction adds an 8-bit; signed binary number to the contents of an Accumulator; if the result is 0, a Skip is 
performed. 

These Skip instructions will be very familiar to minicomputer programmers, and on most microcomputers are 
equivalent to a secondary Memory Reference or Immediate Operate instruction, followed by q Branch-on-Condition in- 
struction. ' . 
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NOTE: If the Level 0 Interrupt request has not 
already been reset to a logic 'T level 
before lACK goes to a logic 'V, then 
lACK should be used to reset the request signal. 
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The following symbols are used in Table 15-1: 

ACO Accumulator 0 

C Carry status 

CC 4-bit Condition Code described in Table 15-3 

D Any Destination register 

DATA8 8-bit binary data unit 

DISP(X) Direct or indexed addressing operands as explained in the text. 

@DISP(X) Indirect addressing operands as explained in the text. 

EA The effective address generated by the specified operands, 

f 4-bit quantity selecting a bit in the Flag Word. 

FW Flag Word described in the text. 

lEN Interrupt Enable status 

I A 1-bit unit determining whether LINK is included in the shift/rotate. 

L Link status 

n Seven bits determining how many single bit shift/rotates are performed. 

0 Overflow status 

PC Program Counter 

r Any register of the Accumulator: ACO, AC1, AC2 or AC3 

S Any Source register 

ST Top word of on-chip Stack. 

x<y,z> Bits y through z of the quantity x. For example, r<7,0> is the low-order byte of the specified register. 

[ ] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, 

then the designated register's contents are specified. If a memory address is enclosed within the brackets, 
then the contents of the addressed memory location are specified. 

[[ ]] Implied memory addressing; the contents of the memory location designated by the contents of a register. 

A Logical AND 

V Logical OR 

-V- Logical Exclusive-OR 

Data is transferred in the direction of the arrow. 

< " Data is exchanged between the two locations designated on either side of the arrow. 

Under the heading of STATUSES in Table 1 5-1 , an X indicates statuses which are modified in the course of the instruc- 
tion's execution. If there is no X, it means that the status maintains the value it had before the instruction was ex- 
ecuted. 
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Table 15-1. 1NS8900 and PACE Instruction Set Summary • 






STATUSES 




OPERANDISI 

BYTES 






C 

0 

L 





LD 

r.DISP(X) 

2 

■ 

■ 

■ 

[rJ-lEAl 








Load any Accumulator, direct addressing options. 

o 

LD 

0.@)DISP(X) 

2 




[ACOl— lEA] 

UJ 
>- CC 







Load Primary Accumulator, indirect addressing options. 

? 1 5 

ST 

r,DISP(X) 

2 




lEAj-tr] 

5 £ Q 







Store any Accumulator, direct addressing options. 

CC >- Z 

Q. CC < 

ST 

O.ODISPIX) 

2 




[EA]— [ACOJ 

o 





^^1 

^^1 

Store Primary Accumulator, indirect addressing options. 

UJ 

LSEX 

O.DISPIX) 

2 




[ AGO] — [ EAllsign extended) 

S 




■ 

■ 

1 

Load a signed byte into Primary Accumulator: extend sign bit into high order byte. Direct 
addressing options. 


ADD 

r.DISPIX) 


X 

X 

■ 

[rl-tr]+(EA] 

LU ^ 

O UJ 

Z 







Add to any Accumulator, direct addressing options. 

DECA 

O.DISPlX) 

2 


X 


[AGO]— (ACOl + TEAl-ICl 

^ ff oc 




HjH 



Add decimal with Garry to any Accumulator, direct addressing options. 

^ 

O UJ O 

SUBB 

O.DISPIX) 


HI 



[AGO] — [AGO] - [EAl + lG] 

2 > 

S >• tt 




H 



Subtract from Primary Accumulator with borrow, direct addressing options. 

^ CC n 

^ O S 
(0 X S 

AND 

O.DISPIX) 

■ 

■ 

■ 

■ 

[AGO] — [AGO] A [EA] 

AND with Primary Accumulator, direct addressing options. 

si 

OR 

O.DISPIX) 





[AGO]— [AGO] V [EA] 




■I 

■ 

■ 

■ 

OR with Primary Accumulator, direct addressing options. 


LI 

r.DATAB 


m 

■ 


[ r< 7.0> ]— DATA8 Isign extended) 

UJ 







Load immediate into any Accumulator. DATA8 is an B-bit signed binary value. The sign bit 

H 

< 







is propagated through 8 high order bits. 

Q 

JMP 

- DISPIX) 





[PG]— EA 

s 







Jump by loading the effective direct address into the Program Gounter. 

s 

JMP 

@DISPIX) ' 





[PG]-EA 




■ 

■ 

■ 

■ 

Jump by loading the effective indirect address into the Program Gounter. 
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Table 15-1. INS8900 and PACE Instruction Set Summary (Continued) 






STATUSES 




OPERANDISI 

BYTES 


OPERATION PERFORMED 



B 

D 

n 





JSR 

DISP(X) 

2 

■ 

n 

■ 

[STI-[PC1 








[PC]— EA 

U Q 




H 



Jump to subroutine direct. As JMP direct, but push old Program Counter contents onto 

S 3 
o z 







Stack. 

2^ 

JSR 

@DISP(X) 

2 




[ STl-[ PC] 

S o 







[PC]— EA 

- o 




1 

1 

1 

Jump to subroutine indirect. As JMP indirect, but push old Program Counter contents onto 
Stack. 


CAI 

r.DATAB 

2 

■ 

■ 

■ 

[ r]— [ r] + DATA8 (sign extended) 








Complement contents of any register, then add immediate data. 

2 5 

r UJ 

S a. 




■ 

■ 

■ 


2 o 




■ 

■ 

1 


o o 

BOC 

CC.DISP 

Bj 

i 

i 

i 

If CC true: then [ PC]— EA 

Branch on CC true, as defined in Table 14-3. 

5E 








Z o 








< 5 
oc o 

OQ O 



m 

■ 

■ 

■ 


UJ 

O 

SKNE 

r.DISP(X) 

2 

n 

■ 

■1 

If [r] ip' [EA]; then [PC] — (PC]+ 1 

z 







Skip if any Accumulator not equal. 

S S: 5 

SKG 

O.DISP(X) 





If [ACO] > [EA]; then [PC] — [PC]+ 1 








Skip if Primary Accumulator greater. 

> Q UJ 

9 2 ui 

SKAZ 

O.DISP(X) 





If ([ACO] A [EA]) = 0: then [PC]-(PC] + 1 

O <^2 







Skip if AND with Primary Accumulator is zero. 

2 








2 



HH 

■ 

■ 

H 


























[rl— lr] + DATA8 

If Ir] =0; then [PC]— [PCl + 1 

Add immediate to any Accumulator. Skip if zero. DATA8 is an 8-bit signed binary immedi- 
ate data value. 



lUJ— IbJ 

Move contents of any Accumulator (S) to any Accumulator (D). 
[Dl- -IS] 

Exchange contents of any Accumulators. 


[Dl-[Sl-t^[D] 

Binary add any Accumulator to any Accumulator. 

(Dl— [S1 +ID]-h[C] 

Binary add with Carry any Accumulator to any Accumulator. 
[Dl-tSlAlD] 

AND any Accumulator with any Accumulator. 
[D1-[S1¥[D1 

Exclusive-OR any Accumulator with any Accumulator. 


Shift any Accumulator left n bits. Simple if 1 = 0; through Link if 1 = 1. 
Shift any Accumulator left n bits. Simple if 1 = 0. through Link if 1 = 1. 
As SHL. but rotate. 

As SHR. but rotate. 
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Table 15-1. INS8900 and PACE Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

C 

0 

L 


PUSH 

r 


■ 


■ 

[ST]-[r] 








Push any Accumulator contents onto Stack. 


PUSHF 






tSTl-[FW] 








Push flags onto Stack. 


PULL 

r 





[r]-tST] 








Pull top of Stack into any Accumulator. 


PULLF 




X 


[FW]-[ST] 

(A 







Pull top of Stack into flags. 


XCHRS 

r 





tSTI [r] 








Exchange contents of any Accumulator with top of Stack. 


RTS 

DISP 





[PCI— [ST] + DISP 








Return from subroutine. Move sum of DISP and top of Stack to PC. DISP is an 8-bit signed 




■ 

■ 


■ 

binary number. 

. H 

0. 

RTI 

DISP 


■ 

■ 

■ 

[PCI-[STI-kDISP 

3 

ce 







[IENj—1 

UJ 







Return from interrupt Like RTS, but enable interrupts. 

z 



HH 

■ 

■ 

■ 



CFR 



■ 

■ 

■ 

[rl— [FW] 








Copy flags to any Accumulator. 


CRF 






[FWl-[r] 

3 




HjH 

HH 

HjH 

Move any Accumulator contents to flags. 

< 

SFLG 






[FW<f>]— 1 

H 

CO 







Set flag f to 1. (f= 0 to 15). 


PFLG 






[FW<f>]— 1 tor four clock periods 



mil 

■ 

■ 

■ 

■ 

Pulse flag f (invert flag status for four clock periods). (f= 0 to 15). 


HALT 


2 

_ 



Halt 





















z 

e 

o 

m 

(/) 

o 

S 

< 

o 

< 


The following symbols are used in Table 15-2; 

aa Two bits choosing the destination register. 

bb Two bits choosing the Index register 

cccc Four bits choosing the Condition Code. See Table 15-3. 

ee Two bits choosing the source register. 

ffff Four bits selecting a bit in the Flag Word. 

I One bit determining whether Link is included in a shift or rotate, 

nnnnnnn Seven bits determining how many single bit shifts or rotates are performed. 

PP 8-bit signed displacement 

QQ Eight bits of immediate data 

X A "don't care" bit 

XX A "don't care" byte 


Table 15-2, INS8900 and PACE Instruction Set Object Codes 




OBJECT CODE 

BYTES 


MACHINE CYCLES 




TOTAL 

INTERNAL 

INPUT 

OUTPUT 

ADD 

r,DISP(X) 

1 1 lOaabb 

PP 

2 

4 

2 

2 


AISZ 

r,DATA8 

OlinOaa 

QQ 

2 

5/6 

4/5 

1 


AND 

O.DISPIX) 

lOIOIObb 

PP 

2 

4 

2 

2 


BOC 

CC.DISP 

OlOOcccc 

PP 

2 

5/6 

4/5 

1 


CAI 

r,DATA8 

OniOOaa 

QQ 

2 

5 

4 

1 


CFR 

f 

OOOOOIaa 

XX 

2 

4 

3 

1 


CRF 

f 

00001033 

XX 

2 

4 

3 

1 


DECA 

O.DISP(X) 

lOOOIObb 

PP 

2 

7 

5 

2 


DSZ 

HALT 

DISP(X) 

10101 Ibb 

PP 

OOOOOOxx 

XX 

2 

2 

7/8 

4/5 

2 

1 

1 

ISZ 

DISP(X) 

10001 Ibb 

PP 

2 

7/8 

4/5 

2 

1 

JMP 

DISP(X) 

0001 lObb 

PP 

2 

4 

3 

1 


JMP 

!i:')DISP(X) 

1001 lObb 

PP 

2 

4 

2 

2 


JSR 

DISP(X) 

OOOIOIbb 

PP 

2 

5 

4 

1 


JSR 

<J'X)ISP(X) 

lOOIOIbb 

.PP 

2 

5 

3 

2 


LD 

r.DISP(X) 

1 roOaabb 

PP 

2 

4 

2 

2 


LD 

0,@DISP(X) 

lOIOOObb 

PP 

2 

5 

2 

3 


LI 

r.DATA8 

OlOIOOaa 

QQ 

2 

4 

3 

1 


LSEX 

O.DISP(X) 

lOnilbb 

PP 

2 

4 

2 

2 


OR 

0,DISP(X) 

10100 tbb 

PP 

2 

4 

2 

2 
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Table 15-2. INS8900 and PACE Instruction Set Object Codes (Continued) 



INSTRUCTION I OBJECT CODE BYTES 


OOllffff 

Oxxxxxxx 

OllOOIaa 

XX 

OOOIOOxx 

XX 

OllOOOaa 

XX 

00001 Ixx 
XX 

OOmOlaa 

eexxxxxx 

OllOIOaa 

eexxxxxx 

OlOIOIaa 

eexxxxxx 

OlOlllaa 

eexxxxxx 

OOlOOOaa 

nnnnnnni 

OOlOOIaa 

nnnnnnni 

Olinixx 

PP 

lOOOOOxx 

PP 

OnOllaa 
eexxxxxx 
OlOIIOaa 
eexxxxxx 
OOllffff 
Ixxxxxxx 
OOlOIOaa 
nnnnnnni 
00101 laa 
nnnnnnni 
lOinObb 
PP 

lOOIlIbb 

PP 

llUaabb 

PP 

llOlaabb 

PP 

lOIIOObb 

PP 

lOOIOObb 

PP 

OOOIIIaa 

XX 


MACHINE CYCLES 


TOTAL INTERNAL INPUT 


PFLG 

f 

PULL 

r 

PULLF 


PUSH 

r 

PUSHF 


RADC 

S.D 

RADD 

S.D 

RAND 

S.D 

RCPY 

S.D 

ROL 

r.n.l 

ROR 

r.n.l 

RTI 


RTS 


RXCH 

S.D 

RXOR 

S.D 

SFLG 

f 

SHL 

r.n.l 

SHR 

r.n.l 

SKAZ 

O.DISP (X) 

SKG 

O.DISP (X) 

SKNE 

r.DISP (X) 

ST 

r.DISP (X) 

ST 

O.taDISPlX) 

SUBB 

O.DISP (X) 

XCHRS 

r 



•All instructions may take additional cycles if Extend Read and Extend Write are implemented. 
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Table 15-3. Branch Conditions for INS8900 and PACE BOC Instruction 


Condition 
Code (CO 

Mnemonic 

Condition 

0000 

STFL 

Stack Full (contains nine or more words). 

0001 

REQO 

(ACO) equal to zero (see Note 1). 

0010 

PSIGN 

(ACO) has positive sign (see Note 2). 

0011 

BITO 

Bit 0 of ACO true. 

0100 

BIT1 

Bit 1 of ACO true. 

0101 

NREQO 

(ACO) is nonzero (see Note 1). 

0110 

BIT2 

Bit 2 of ACO is true. 

0111 

CONTIN 

CONTIN (continue) input is true. 

1000 

LINK 

LINK is true. 

1001 

lEN 

lEN is true. 

1010 

CARRY 

CARRY is true. 

1011 

NSIGN 

(ACO) has negative sign (see Note 2). 

1100 

OVF 

OVF is true. 

1101 

JC13 

JC13 input is true (see Note 3). 

1110 

JC14 

JC14 input is true. 

1111 

JC15 

JC15 input is true. 


NOTES: 


1. If selected data length is 8 bits, only bits 0 through 7 of ACO are testecf. 

2. Bit 7 is sign bit (instead of bit 15) if selected data length is 8 bits. 

® 3. JC13 is used by INS8900 and PACE Microprocessor Development System and is not accessible 

during prototyping. 


THE BENCHMARK PROGRAM 


For PACE, our standard benchmark program adopts this modified form: 


LD 

2,IOBUF 

LOAD I/O BUFFER ADDRESS INTO AC2 

LD 

0, ©TABLE 

LOAD ADDRESS OF FIRST FREE TABLE BYTE 

RCPY 

0.3 

MOVE TO ACS 

LOOP LD 

0.(i(2) 

LOAD NEXT BYTE FROM I/O BUFFER 

ST 

0.0(3) 

STORE IN NEXT TABLE BYTE 

AISZ 

2.1 

INCREMENT AC2 

AISZ 

3.1 

INCREMENT ACS 

DSZ 

lOCNT 

decrement I/O BUFFER LENGTH. SKIP IF ZERO 

JMP 

LOOP 

RETURN FOR MORE BYTES 

RCPY 

3.0 

MOVE AC3 CONTENTS TO ACO 

ST 

0.@TABLE 

RESTORE ADDRESS OF FIRST FREE TABLE BYTE 


In order to take advantage of INS8900 and PACE indirect addressing, three memory locations are reserved on page 0 as 
follows; 

lOBUF holds the beginning address of the I/O buffer. 

TABLE holds the address of the first free byte in the permanent data table. 
lOCNT holds the number of data words in the I/O buffer. 
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Memory, as organized for the benchmark program will look like this; 


Memory 

Addresses 


MEMORY 


lOBUF — 

^ 

0010 

TABLE — 

^ 

0011 

lOCNT — 



0012 



0013 



0014 


xxxx 


yyyy 


XXXX 

yyyy 








■ ■ 




• 

: 






Data on Base Page 


•Start of I/O Buffer 


• Start of Data Table 


■ First free word of Data Table 


Suppose the benchmark program rules arbitrarily require that a displacement be stored in the first word of the data ta- 
ble, and that this displacement be added to the address of the first word of the data table in order to compute the ad- 
dress of the first free data table word: 


DISP 



First data table word 


First free data table word 


Now the instructions: 

LD 0,@TABLE LOAD ADDRESS OF FIRST FREE TABLE BYTE 

RCPY 0,3 MOVE TO ACS 

must be replaced by these instructions: 

LD 3,TABLE LOAD BEGINNING ADDRESS OF DATA TABLE 

LD 0,0(3) LOAD DISPLACEMENT TO FIRST FREE TABLE WORD 

RADD 0,3 ADD DISPLACEMENT TO ACS 

The new displacement must be restored to the first data table word. The instructions: 

RCPY 3,0 MOVE ACS CONTENTS TO ACO 

ST 0,@TABLE RESTORE ADDRESS OF FIRST FREE TABLE BYTE 
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must be replaced by these instructions: 


LD 

0,TABLE 

CAI 

0,1 

RADD 

0,3 

RCPY 

3,0 

LD 

3,TABLE 

ST 

0,0(3) 


LOAD BEGINNING ADDRESS OF DATA TABLE IN AGO 
FORM TWOS COMPLEMENT 

SUBTRACT ACO FROM AC3 TO FORM DISPLACEMENT 
MOVE DISPLACEMENT TO ACO 
LOAD BEGINNING ADDRESS OF DATA TABLE IN AC3 
SAVE DISPLACEMENT IN FIRST FREE TABLE WORD 


Forcing an INS8900/PACE programmer to conform to programming logic suited to some other microcomputer's in- 
struction set only proves that the two microcomputers have different instruction sets. 


THE PACE DP8302 SYSTEM TIMING ELEMENT (STE) 


The STE is a very elementary clock device used with PACE, but not with the INS8900; it accepts inputs from an 
external crystal and generates the MOS clock signals for PACE, plus a pair of TTL-level clock outputs that can 
be used for synchronizing system operations. Figure 15-17 illustrates the pin assignments of the STE. 



PIN NAME 

DESCRIPTION 

TYPE 

XI, X2 

External crystal connections 

Input 

CLK, NCLK 

Damped MOS clocks to PACE 

Output 

CK, NCK 

Undamped MOS clocks to PACE 

Output 

TCLK, TCLK* 

TTL clocks to microcomputer system 

Output 

EXTC 

External oscillator option 

Input 

LCK, LCK* 

Non-overlap capacitor connection 


'^CC' ^GG 

Power and Ground 



Figure 15-17. DP8302 System Timing Element (STE) Pins and Signals 


The frequency of the MOS clocks output by the STE is one-half the input crystal frequency. The 
STE is designed to operate with a 2.6667 MHz crystal. The MOS clock frequency is thus 1.3333 
MHz which results in a clock period (tp) of 750 nanoseconds (tp = 1/f): this is the optimal clock 
period for the PACE CPU. 

Two pairs of MOS clock outputs are generated by the STE; NCLK/NCLK* and NCK/NCK*. The first pair of outputs 
contain a 25 0 series of damping resistor; typically, these outputs will be used in circuit board layouts where the STE- 
to-PACE interconnect lines are less than two inches. The other MOS outputs, NCK and NCK*, are undamped, and you 
can select some other value of series damping resistors that might be better suited for your particular board layout. 

In addition to the -F5V and -12V power supplies typically needed with MOS devices, the 
PACE CPU has a third power supply requirement: a substrate bias voltage (Vqb) +8V 
must be applied to the CPU chip. Since it is unlikely that any other devices in your microcom- 
puter system would require this voltage level, the need for a third external system power source 
can be eliminated by providing a voltage converter circuit. Figure 15-18 shows a circuit that 
generates the required Vbb voltage level; the circuit requires only a few components and uses 
one of the STE's TTL clock outputs as a 'charge pump' for the circuit. 


GENERATING 
THE PACE 
SUBSTRATE 
BIAS 

VOLTAGE 


STE CLOCK 
FREQUENCY 
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Figure 15-18. Circuit to Generate Substrate Bias Voltage (Vbb) for PACE CPU 

THE PACE Blbl^iECTIONAL TRANSCEIVER ELEMENT (BTE) 

The DP8300 BTE is an 8-bit device that provides an interface between the PACE MOS-level signals and the 
TTL-level signals required by other devices in a microcomputer system (the BTE is not used in INS89bO 
systems). If you refer to Figure 15-1 at the beginning of this chapter, you will see that a typical PACE microcomputer 
system requires three BTEs: two are used to buffer the CPU’s 16 address/data lines, and the third is used as a TTL 
driver for the CPU's control signal outputs (NADS, ODS, IDS, F1 1 - FI 4). 

Figure 15-18 shows the pin assignments for the BTE. 


MBI/0 00 
MBI/0 01 
MBI/0 02 
MBI/0 03 
MBI/0 04 
MBI/0 05 
MBI/0 06 
MBI/0 07 

WBD* 

GND 



1 24 

2 23 

3 22 

4 21 

5 20 

® BTE 11 






^ r-T~' 








8 17 





io . 15 











Vcc 

BDI/0 00 
BDI/0 01 
BDI/0 02 
BDI/0 03 
BDI/0 04 
BDI/0 05 
BDl/0 06 
BDI/0 07 
CE1 
CE2* 
STR* 


PIN NAME 

MBI/0 00 - 07 
BDI/0 00 - 07 
CE1, CE2*, 
STR*, WBD* 


''CC 


GND 


DESCRIPTION 

MOS Bus Data Lines 
TTL Bus Data Lines 
Mode Control Signals 

+ 5V Power and Ground 


TYPE 

Input/Output 

Input/Output 

Input 


Figure 15-19. BTE Signals and Pin Assignments 
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Table 15-4 summarizes the operating modes of the BTE. 

WBD* is the main mode control signal: when this signal is low. the other control signals are ig- 
nored and the BTE simply converts the MOS signals from the CPU into TTL-level output signals. 

The TTL outputs have a high fan-out capability and can service up to thirty 50 milliarppere loads. 

The BTE used to buffer the PACE control signals normally operates continuously in this 'drive-only' mode (Mode 
1) and is kept in this mode by simply connecting the WBD* signal to ground. 

The BTEs used to buffer bidirectional (address/data) lines must be switched back and forth between Modes 1 
and 2; Mode 1 is used for CPU data output and Mode 2 for CPU data input. The simplest way of accomplishing this 
is to continuously enable the CE1, CE2*. and STR* controls by connecting them to appropriate logic levels (-fSV or 
ground) and then use the WBD* signal for directional control. For example, in a PACE system, the IDS signal from the 
CPU could be used as the input to WBD*. During a PACE data input cycle, IDS will go high at the appropriate portion of 
the cycle and place the BTE in Mode 2; IDS is low at all other times and the BTE will operate in Mode 1. 


BTE MODE 

CONTROL 

SIGNALS 


Table 15-4. PACE BTE Truth Table 


MODE 

# 

CONTROL INPUTS 

MODE DESCRIPTION 

CE1 

CE2* 

STR* 

WBD* 

1 

X 

X 

X 

0 

Receive MOS signals and 
drive TTL signals 

2 

n 

0 

0 . 

1 

Receive TTL signals and 
drive MOS signals 

3 

0 

0 

0 

1 

Outputs in 

high-impedance 

state 

0 

1 

0 

1 

1 

1 

0 

1 

4 

X 

X 

1 

1 

On positive-edge transition 
of STR*, latch into Mode 2 
or 3 as determined by state 
of CET and CE2* 


X = don't care 


+ 5V 



Figure 15-20. Signal Connections to Control BTE in a DMA System 
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In a DMA.or multiprocessor we will need to use BTE Mode 3 to place the BTE outputs in a high-impedance state 
and thus free the System Busses for use by other devices. In such a system an externally generated Bus Grant sig- 
nal could be Used to place the BTE in Mode 3. Figure 15-20 illustrates one method of doing this: whenever, the BUS 
GRANT signal is high, the BTE is in Mode 3. At other times the IDS signal operates as we've just described to switch the 
BTE back and forth between Modes 1 and 2. : 

The fourth BTE mode uses a negative-to-positive transition on the STR* input to latch the state 6f CE1 and 
CE2*, and then places the BTE in either Mode 2 or Mode 3. This latch mode function might be useful when the BTE 
is used as a simple input buffer: For example, in a system with multiplexed address/data lines (such as PACE), address 
outputs could be applied to CE1 and CE2*, and an address strobe signal (such as NADS) connected to STR*. Then, 
when the BTE is selected by the appropriate address bits, the trailing edge of the strobe signal will gate TTL'data 
through the BTE and apply the data to the MOS lines of the CPU. When the BTE is not selected (addressed), its outputs 
will be in the high impedance state (Mode 3). ’ 


USING OTHER MICROCOMPUTER SUPPORT DEVICES 
WITH THE PACE AND INS8900 

The INS8900 CPU has numerous control signals which allow general purpose microcomputer support devices to 
be included in an IIMS8900 system. 

Let us see how 8080A support devices might be used with the INS8900 CPU. First, we'll take an overview of 
the general CPU-to-device interface that all the 8080A family of devices expect. 

All of the 8080A family devices require that address information (or enabling/select signals derived frorn the ad- 
dress lines) be valid during the data transfer (read/write) portion of an input/output cycle. Recall that the INS8900 
data lines are multiplexed: at the beginning of an input/output cycle, the data lines are used to output address informa- 
tion: the address information is then removed and the data lines are used for the actual input or output of data during 
the latter portion of the I/O cycle. ■ 

Thus, the first thing we must do to interface the INS8900 to an 8080A family device is 
to demultiplex the INS8900 address/data lines. (This must also be done even with the MILE 
device, described in Volume 3, which was specifically designed to operate with the INS8900 
CPU. There are several different approaches that we can use to accomplish the required 
demultiplexing. 

The most obvious way is to use D-type flip-flops or data registers with the INS8900 NADS signal as the clock 
pulse. Here are some of the standard 7400 family devices that might be used: 

• 7475 Double 2-Bit Gated Latches with Q and Q Outputs 

• 7477 Double 2-Bit Gated Latches with 0 Output Only 

• 74100 Double 4-Bit Gated Latches 

• 74166 Dual 4-Bit Gated Latches with Clear 

• 74174 Hex D-Type Flip-Flops with Common Clock and Clear 

• 741 75 Quad D-Type Flip-Flops with Common Clock and Clear 

Some of these devices require that the NADS signal be inverted to provide the necessary clocking signal. Remember, 
though, that PACE address information is valid during both the leading edge (high-to-low transition) and trailing edge 
(low-to-high transition) of NADS; this generally simplifies the demultiplexing operation. 

In many systems you will not need to latch all 16 bits of address information since it would be an unusual applica- 
tion that required all of the 64K of address space that this provides. There will usually be some tradeoff between system 
address requirements (how many systern devices require a latched Address Bus) and the type and amount of address 
decoding required. When a fully latched Address Bus is provided, then simpler nonlatched address decoders can be' 
used. In fact, often address bits can then be used directly as device select signals, or simple AND/OR gate combine-, 
tions can perform the decoding. 

The alternative method of demultiplexing the address/data lines is to use address decoding devices that are 
clocked by the NADS signal and provide latched outputs. These latched outputs can then be used as the 
device/chip select signals during I/O cycles. 

Many systems will use some combination of a fully latched Address Bus and simple or latched address 
decoders. In the discussions that follow, we will not generally describe in detail the method used to obtain the 
required addressing or select/enabling signals, since the method used is so dependent on the particular systeni 
that you are designing. 


DEMULTIPLEXING 
THE INS8900 
ADDRESS/DATA 
LINES 
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Once the INSSgOO address/data lines have been demultiplexed, the only major con- 
siderations we are left with are to ensure that the input/output control signals are of 
the proper polarity, and to verify that there are no timing problems. We will see that 
generally the INS8900 I/O control signals must be inverted to operate with the 8080A 
family of devices, although the 8212 offers us a choice of using the IDS and ODS signals, in either their original or in- 
verted form. 


INS8900 CONTROL 
SIGNAL POLARITY 
CONSIDERATIONS 


Now we will provide a few specific examples of how devices from the 8080A family can be used with the 
INS8g00 CPU. 



Here, the INS8g00 Address Strobe signal (NADS) is inverted and used as the STB input to the 8212. Since MD 
is tied to ground, the STB signal clocks the data into the 821 2: this will occur every time the INS8g00 performs 
an input/output cycle, but the latched data will only be placed on the System Bus when t he 82 12 is selected. 
We accomplish device selection by applying a negative-true decoded address signal to the DS1 input and then 
using the INS8900 IDS strobe signal as the DS2 input. Now, whenever the proper address is decoded, the IDS 
signal will cause the data that was previously latched by NADS to be placed on the System Bus for input to the 
INS8900. The timing would look like this: 
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Notice that the data from external logic will be latched whenever NADS occurs. The actual selection of the 8212 and 
input of the latched data to the INS8900 might not occur for quite some time. Frequently, this arrangement will be 
completely acceptable. If not, then an input-with-handshaking arrangement, which we will describe next, might pro- 
vide a better solution. 

Before we proceed to our next example, let us make one more general comment about interfacing devices to 
the INS8900 CPU. 

The INS8900 is a 16-bit microcomputer: it can transfer 16 bits of parallel data in a single input or output cycle. 
All of the other devices that we will be discussing are 8-bit devices. Frequently, you may not need the full 
width of the 16-bit Data Bus when transferring data between the CPU and external logic. In these cases, you 
can simply connect the data lines to/from the support device to the less significant data lines (DO - D7) of the 
INS8900 System Bus, as we have shown in our first example. Masking of the unused, more significant data bits 
would then be handled under program control. 

When you are going to utilize the full 16 bits of the Data Bus, you merely connect two 8-bit devices in parallel, 
as described in more detail for the CPI 600 in Chapter 16. One device would be connected as we've already de- 
scribed; the data lines of the other device would then be connected to the more significant bits (D8 - D15) of 
the System Bus. All other connections to the two devices (device select signals, strobe signals, etc.) would be 
identical. 

In this example, we will use the 8212 interrupt request signal INT to establish an input 
port with handshaking. The connection diagram is very similar to our first example: 


THE 8212 USED 
IN AN INS8900 
SYSTEM FOR 
INPUT WITH 
HANDSHAKING 



Input Pin 


Here, the device select signals are the same as in our first example. However, instead of using the INS8900 
NADS signal to clock data into the latches, we will require external logic to input the STB signal when it has 
data ready. When the data has been latched, the 8212 will output the INT signal, which will be used as the in- 
put to one of the INS8900 CPU interrupt request lines (NIR2 - NIR5) or Jump Condition inputs (JC13 - JC15). 

The CPU will then execute a service routine program that will include an instr uctio n to read the data from the input 
port. This instruction will send out the input port's address, thus generating the DS1 signal, and then gate the latched 
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data onto the System Bus when the IDS signal is generated. When the latched data is read out of the 82 1 2, the INT sig- 
nal returns high to complete the transaction. This sequence is summarized by the following timing diagram: 


Q 
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Using the 8212 as an output port in an INS8900 system requires a simple reversal of the 
connections we have described in the two preceding examples, and we will now use the 
ODS (Output Data Strobe) signal from the INS8900 instead of the IDS signal. 


THE 8212 USED 
AS AN OUTPUT 
PORT IN AN 
INS8900 SYSTEM 



Data to external 
logic 


’ Select signals generated 
by external logic 


To external logic 
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When the output port’s address is sent out and decoded from the Address Bus, one input to the AND gate is enabled. 
The ODS signal the n go es high to generate the STB signal and latch the contents of the system Data Bus into the 8212. 
This will cause the INT signal to go l ow a nd inform external logic that data has been loaded into the output port. The 
external logic will then generate the DS1 and DS2 signals to gate the data out of the latches. When the data has been 
gated out, the INT signal will return high. This low-to-high transition could be used as an interrupt request or jump con- 
dition inp ut to an INS8900 to enable output of new data. Notice that if we continuously enable the 8212 outputs 
by tying DS1 to ground and DS2 to -hSV, then whenever the INS8900 loads a new data word into the latch, it 
will be immediately output to external logic. This approach may be more advantageous in some applications. 


Although the 8255 Programmable Peripheral Interface (PPI) is a more complicated 
device than the 8212, interfacing the 8255 to an INS8900 CPU is no more complicated 
(from a hardware point of view) than the INS8900-to-8212 interfaces we've described. 
This is due to the programmability of the 8255; mode control is performed by your pro- 
gram instead of by hardwired signals. Let us look at an example to illustrate this point: 


8255 PPI 
DEVICES 
USED IN 
AN INS8900 
SYSTEM 



/ 


To/From 
External Logic 


The CS signal selects the 8255 and this signal would typically be the output of an address deco der. The AO and 
A1 inputs select one of the three I/O ports (A, B or C) or the 8255 Control registers. The RD and WR control sig- 
nals are obtained by simply inverting the IDS and ODS signals from PACE. A generalized timing diagram for in- 
put/output operations would look like this: 


NADS 


CS-AO-AI 



Select Device and Port Select 
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If you refer back to the detailed description of the 8255 in Chapter 4, you will see that Port C can be used to provide 
handshaking signals for I/O control. Since these signals are fully described in Chapter4, we will not discuss the various 
possibilities here. Generally, these signals vvould be used with the INS8900 CPU in the same ways that we earlier de- 
scribed for the 8212 INT signal. 

If two 8255s are used in parallel to provide 16-bit I/O ports, there is one special con- 
sideration beyond the general rules that we discussed earlier. Recall that mode control of 
the 8255 is accomplished by writing data into one 8-bit Control register within the 
device. When wired in parallel, one 8255 would be connected to bits 0 - 7 of the system 
Data Bus, and the other 8255 would be connected to bits 8-15. Therefore, when we 
send out a 16-bit control word from the INS8900 CPU to establish the desired mode of 
operation, the upper and lower bytes of the word must be identical. 

From a hardware point of view, interfacing either of these devices to an INS8900 CPU is 
no different than interfacing an 8255 PPI to t he IN S8 900. All we n eed to do is invert the 
IDS and ODS signals from the CPU to obtain RD and WR (or lOR and lOW) signals, and 
provide chip select and latched address bits for input to the devices. All other interfacing 
and usage considerations are software functions and are described in Chapter 4. We will 
not describe them here since those portions of the device descriptions apply regardless 
of the CPU being used. 

We will conclude our discussion of the use of 8080A devices in INS8900 systems by 
comparing INS8900 System Bus signals with those of 8080A systems. This comparison 
will be a useful guide for interfacing any 8080A device to an iNS8900 system. Table 
15-5 is a summary of INS8900 System Bus signals and the corresponding signals availa- 
ble in 8080A systems. Two separate columns are provided for 8080A signals: the first ap- 
plies strictly to the 8080A CPU; the right-hand column refers to the signals present in a typical three-chip 8080A 
system consisting of the CPU, an 8228 System Controller, and an 8224 Clock Generator and Driver. 

Since we have already discussed these signals in preceding paragraphs, we won’t perform an item-by-item analysis of 
the table. Nonetheless, there are a few signals in this table that do need additional explanation. 

We have included the INS8900 BPS signal in the I/O Control Signal group although it is not the type of signal you 
would normally classify within this group. However, you will recall that when the BPS input is high, the INS8900 
operates in a Base-Page-Split mode; base page then consists of the top 128 words of memory and the bottom 128 
words of memory. In our earlier discussion of the BPS signal, we described how this mode can be used to simplify ad- 
dressing of I/O devices. If you refer back to that discussion, you will see that by doing a little address decoding we 
can come up with a signal that will tell us when the INS8900 is addressing an I/O device (as opposed to memory). 
Let us call this decoded signal I/O Device' (l/OD). Now, we can com bine this d ecoded signal with IDS and ODS as 
shown below to generate signals equivalent to the 8080A l/OR and l/OW signals. 



And if we invert the l/OD signal we can generate the 8080A MEMR and MEMW signals. 


TWO 8255 
DEVICES USED 
FOR 16-BIT 
I/O PORTS 
WITH INS8900 

THE 8251 
USART AND 8253 
PROGRAMMABLE 
COUNTER/TIMER 
USED IN INS8900 
SYSTEMS 


INS8900 AND 
8080A SYSTEM 
BUSSES 
COMPARED 
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One other portion of Table 15-5 requires some explanation. Notice that we have not drawn a line to separate the 
I/O control signals from the DMA-Related Signals. We've done this intentionally because there is some overlap- 
ping of functions with some of these signals. For example, the INS8900 EXTEND signal can be used either to extend 
I/O cycles or to suspend I/O to allow DMA operations. We've also compared the INS8900 NHALT output signal to the 
8080A WAIT signal. This comparison is valid if limited to the CPU Halt state initiated in either system by a Halt instruc- 
tion. However, in 8080A systems the WAIT signal is also an acknowledgement to the READY or RDYIN input signals. 
There is no comparable EXTEND acknowledgement signal in PACE systems. ■ 

The 6800 family includes many devices that might be useful in INS8900 systems. Unfor- 6800 SUPPORT 
tunately, all of these devices have one common requirement which effectively makes them in- DEVICES NOT 

compatible for use in an INS8900 system. That requirement is the enabling input signal E COMPATIBLE 

which, as we mentioned in Chapter 9, should more accurately be described as a synchronizing WITH INS8900 
signal. In 6800 systems, E is usually generated by ANDing one of the primary system clock sig- 
nals (<I>2) with the Valid Memory Address signal (VMA) from the 6800 CPU. The clock period of the resulting E signal 
can be no less than one microsecond. The clock signals (CLK and NCLK) used in PACE systems, however, cannot have a 
clock period greater than 850 nanoseconds, and therefore cannot be used to simulate the 6800 <t>2 signal. Therefore, 
we cannot recommend using 6800 family devices in an INS8900 system. 

Table 15-5. Comparing INS8900 System Busses to 8080A System Busses 




INS8900 

8080A 

8080A SYSTEM 

SYSTEM BUS 

SYSTEM 

CPU 

(CPU. 8228, 8224) 


SIGNALS 

SIGNALS 

SIGNALS 

Bidirectional 

D00-D15 

DO - D7 

DBO- DB7 

Data Bus 

(16 Bits) 

(8 Bits) 

(8 Bits) 

Address Bus 

D00-D15 

Address information 

AO- A15 

AO- A15 


must be demultiplexed 
from Data Bus 





Interrupt 

Signals 


Jump Condition 
Inputs 


Control Flag 
Outputs 


NADS 

Strobe signal used , 
by external logic 
to demultiplex 
address from 
Data Bus 


ODS' 


BPS 


EXTEND 


NHALT (output) 


NHALT and 
CONTIN inputs 


CONTIN 

(ACK INT output) 


NIR2 - NIR5 


CONTIN 

(ACK INT output) 


Non-maskable 
Interrupt 
(CONTIN and 
NHALT inputs) 


NINIT 


JC13- JC15 



MEMR and I/OR 


MEMW and 1/OW 
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DATA SHEETS 


The following section contains specific electrical and timing data for the following devices: 

PACE CPU 
INS8900 
PACE STE 
PACE BTE 


15-D1 



PACE CPU 



FIGURE 4. PACE Driver and Receiver Equivalent Circuits 


external clock timing 

PACE requires non-overlapping true and complemented 
clock inputs as shown in Figure 5. Refer to Electrical 
Characteristics for timing specifications. 



*NOVA “ *NOVB * CLOCK NONOVERLAP 
'WCLK ■ 'WNCLK ° CLOCK WIDTH 


FIGURES. External Clock Timing 


We reprint data sheets on pages 15-D2 through 15-D17 by permission of National Semiconductor Corporation. 
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PACE CPU 


For systems utilizing memories with access times greater In DMA or multiprocessor systems it may be desirable 

than 2 clock periods it may be desirable, to use the to prevent I/O operations by PACE when the bus is in 

EXTEND input to lengthen the I/O cycle by multiples use by another device. This may be done by using the 

of the clock period. Timing for this is shown in A/^ure 5. EXTEND signal immediately following an IDS or ODS 

In the case of either input or output operations, the as shown in Figure 10. Alternatively, the extend timing 

extend* should be brought true prior to the end of of F/jure 5 may be used, as the extend function occurs 

internal phase 6. The timing shown in Figure 9 will independent of whether there is an I/O operation, that 

provide the minimum extend of one clock period. Hold- is, whenever the internal clock phase 6 occurs, 

ing EXTEND true for h additional clock periods 
longer will cause an extension of n -i- 1 clock periods. 



FIGURES, tnitialization Timing 
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PACE CPU 


EXTRA CLOCK 
CYCLE(S) DUE 
TO EXTEND 



absolute maximum ratings 

All Input or Output Voltages with +0.3V to -21.5V Storage Temperature Range -65°C to +150'’C 

Respect to Most Positive Supply Lead Temperature (Soldering, 10 300°C 

Voltage (Vgg) seconds) 

Operating Temperature Range 0°C to +70°C 


electrical characteristics (t^ = o°c to +70°c, Vgg = +5V ± 5 %, Vqq = -i2V + 5 %, Vgg = Vgg + 3v ±o.5V) 


PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

OUTPUT SPECIFICATIOIMS,, 

>• t 






D00-D15, F11,-F14, ODS, IDS, NADS (These are 
open drain outputs which may be used to drive 
DS3608 sense amplifiers, or rfiay be used with pull- 
down resistors to provide a voltage output.) 

Logic "1" Output Current (Except F1 1— F14) 

VOUT = 2.4V 

-1.0 

■ 

mA 

Logic "1" Output Cufrent, F1 1— F14 (Note 7) 

VOUT = 2.4V 

-0.7 


mA 

Logic "0" Output Current 

Vgg^VquT^ Vss 


±10 

aa 

NHALT, CONTIN (Low Power TTL Output.) 

Logic "1" Output Voltage 

IOUT= -650/jA 

2.4 


V 

Logic "0" Output Voltage 

'OUT= 300/iA 


0.4 

V 


INPUT SPECIFICATIONS 


DOO-D15, NIR2-NIR5, EXTEND, JC13-JC1 5, 
CONTIN, NINIT, NHALT (These are TTL 
compatible inputs.) (Note 2) 





Logic “1" Input Voltage 


vss"'' 

Vss+O-3 

V 

Logic "0" Input Voltage 


VSS"^ 

VSS"'^ 

V 

Pullup Transistor "ON" Resistance 

V|N = 


7 

kn 

(D00-D15) (Note 3) 





Pullup Transistor "ON" Resistance 

V|N = 


5 

kfi 

(all others) 





Logic "0" Input Current (D00-D15) 

V||\j = 0.4 


-1.8 

mA 

Logic "0" Input Current (NHALT, CONTIN) 

V|N = 0.4 


-12 

mA 

Logic "0" Input Current (all others) 

V|N = 0.4 


-3.6 

mA 

Capacitance, Input and Output (except clocks) 

V|N = Vss. fT = 500 kHz 


20 

pF 

BPS (This is a MOS Level Input.) (Note 4) 





Logic "1" Input Voltage 


VSS"^ 

Vss+o:3 

V 

Logic "0" Input Voltage 

V|N = VSS"’'^ 

Vgg 

Vss“’^ 

V 

Logic "1" Input Current 


100 

AA 

CLK, NCLK (These are MOS Clock Inputs) 





Clock "1" Voltage (Note 5) 


VsS"'' 

Vss+0^ 

V 

Clock "0" Voltage 


Vgg 

Vgg'*'^ 

V 

Input Capacitance (Note 6) 


30 

150 

pF 

Bias Supply Current 

vbb = Vss +3.0V 


100 

pA 

Vgg Supply Current 

tp = .65jus, Ta = 25°C 


40 

mA 

Vss Supply Current 

tp = .65pis, Ta = 25°C 


85 

mA 
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PACE CPU 



TIMING SPECIFICATIONS (See Figures 5 to 10 for additional timing information.) 


CLK, NCLK (See Figure 5) (Referenced to 

10% and 90% Amplitude) 





Rise and Fall Time (t^, tf) 


10 

50 

ns 

Clock Width (tw CLK.tW NCLK) 


300 

375 

ns 

Clock Non-Overlap (tNOVA. tNOVB) 


5 


ns 

Clock Period (tp) 


.65 

.8 

MS 

EXTEND 





Individual Extend Duration 



2 

; MS 

Extend Setup Time (tEs) (Note 10) 


100 


ns 

Extend Hold Time (tEH) (Note 13) 

Propagation Delay (tQD) 


20 


ns 

NHALT, CONTIN (Note9) 

Cl = 20pF 


200 

ns 

NADS, IDS, ODS, D00-D15 (Note 8) 

D00-D15 

VouT=2.4V 


100 

ns 

Input Setup Time (tQS) (Note 11) 


200 


ns 

Hold Time (toH) (Note 12) 


0 


ns 

Turn-on or Turn-off Time of Pullup 

Transistor (tDC) (Note 13) 


150 


ns 

F1 1 — F14 Pulse Flag (PFLG) Pulse Width 


4tp -300 

4tp +300 

ns 

NINIT Initialization Pulse Width 


8 


clock periods 

NIR2— NIR5 Input Pulse Width to Set Latch 


1 


clock periods 


Note 1 : Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended 
and should be limited to those conditions specified under dc electrical characteristics. 

Note 2: Pullup transistor provided on chip (See F/gure 4.) . 

Note 3: Pullup transistors on JC13, JC14, JC15 are turned on one out of 8 clock intervals. Pullup transistors on DOO— D15 are turned on 

during last clock period of Input Data Strobe (IDS). Other pullup transistors are on continuously when in data input mode. 

Note 4: Pulldown transistor provided on chip. 

Note 5: Clamp diodes and series damping resistors may be required to prevent clock overshoot. 

Note 6; Capacitance is not constant and varies with clock voltage and internal state of processor. 

Note 7: For Vss > VguT > 2.0V output current is a linear function of VouT- 

Note 8: Delay measured from valid logic level on clock edge initiating change to valid current output level 

Note 9: Delay measured from valid logic level on clock edge initiating change to valid voltage output level. 

Note 10: With respect to rising edge of NCLK. (See Figure 9 and 10.) 

Note 11: With respect to falling edge of CLK. (See Figure 7.) 

Note 12: With respect to the valid "0" level on the falling edge of Input Data Strobe (IDS). (See Figure 7.) 

Note 13: With respect to valid logic level of appropriate clock. 
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INS8900 

Absolute Maximum Ratings 


Voltage at Any Pin with Resepct to 

Most Negative Supply (Vbb) .-0.3 V to +20 V 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +150“C 

Lead Temperature (soldering, 10 seconds) +300°C 


Electrical Characteristics 

(Ta = 0°c to +70'’C, Vss = 0 V, Vdd = +12 V ± 5%, Vcc = +5 V ± 5%, Vbb = -8 V ± 5%) 


Symbol 

Parameter 

Conditions 

Min 

Max 


OUTPUT SPECIFICATIONS 


D00-D15, F11-F14, ODS, IDS, NADS 

(These are low-power Schottky-compatible push-pull outputs.) 


m 



VoH 

Logic "1" Output Voltage 

•out = -BOO^iA 



V 

VOL 

Logic "0" Output Voltage 

NHALT, CONTIN (low-power Schottky outputs) 

■OUT= 900 pA 

n 

0.4 

V 

VOH 

Logic "1 " Output Voltage 

IOUT = -250pA 



V 

VOL 

Logic "0" Output Voltage 

IOUT = OOOpA 

mu 

0.4 

V 


INPUT SPECIFICATIONS 


D00-D15, NIR2-NIR5, EXTEND, JC13-JC15, NINIT, 
CONTIN, NHALT (low-power Schottky inputs) 





Logic "1" Input Voltage 


2.4 

Vcc + 1 

V 

Logic "0" Input Voltage 


-1.0 

+0.8 . 

V. 

Input Leakage Current (except NHALT, CONTIN, JC13-JC15) 

VSS< V|N < Vcc+ 1 



pA 

Logic "0" Input Current, NHALT, CONTIN (Note 2) 

V|M = 0.4 V 



mA 

Logic "0" Input Current, JC13-JC15 (Note 2) 

V|N = 0.4 V 


-3.0 

mA 

BPS (This is an MOS level input.) 





Logic “1" Input Voltage 


Vdd - 1 

Vdd + 1 

V 

Logic "0" Input Voltage 


-1.0 

+0.8 

V 

Logic "1" Input Current (Note 3) 

V|N = 13.6 V 


750 

pA 

CLKX (This is an MOS level input.) 





Clock "0" Voltage 


-1.0 

+0.8 

V 

Clock "1" Voltage 

Input Capacitance 


Vdd - 1 

Vdd + 1 
20 

V 

pF 

Average Supply Current (Vq^) (Note 4) 

tp = 500 ns, Ta = 25°C 



mA 

Average Supply Current (Vcc) (Note 4) 

tp = 500 ris, Ta = 25°C 


10 

mA 

Average Supply Current (Vbb) 

> 

00 

1 

CD 

CD 

> 



pA 
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INS8900 


Tming Specifications 

Symbol 

Parameter 

Conditions 

Min 

Max 

Units 


CLKX 





tr. tf 

Rise and Fall Times (Note 5) 

(Referenced to 10% and 90% amplitude) 


5 

30 

ns 

tP 

Clock Period 


500 

650 

ns 

tCLK. tNCLK 

Pulse Width (Referenced to 50% amplitude) 


tp/2 - 5% 

tp/2 + 5% 

ns 


EXTEND 






Individual Extend Duration 



2 

MS 

tES 

Extend Setup Time (Note 6) 


70 


ns 

tEH 

Extend Hold Time (Note 6) 

Propagation Delay 


120 


ns 

tDDi 

NHALT, CONTIN (Note 7) 

Cl=40pF, 

1 low-power Schottky load 


200 

ns 

tDD2 

NADS, IDS, ODS, D00-D15 (Note 7) 

Cl= 40pF, 1 INS8208 load 


200 

ns 


D00-D15 





tDS 

Input Setup Time (Note 6) 


50 


ns ■ 

tDH 

Hold Time (Note 8) 


0 


ns 

tPW 

F11-F14 Pulse Flag (PFLG) Pulse Width 


4tp-300 

4tp + 300 

ns 

tNW 

NINIT Initialization Pulse Width 


8 


tp 

t|RW 

NIR2-NIR5 Input Pulse Width to Set Latch 


1 

1 


tp 


Note 1: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not 
intended and should be limited to those conditions specified under DC electrical characteristics. 

Note 2: NHALT, CONTIN, and JC13-JC15 logic "0" input currents specified when the internal chip loads are putting but a logic "1." 
Note 3: Pull-down transistor provided on chip. 

Note 4; Supply currents measured with 40 pF and INS8208 loads. 

Note 5: Clamp diode and series damping resistor may be required to prevent clock overshoot. 

Note 6: Measured with respect to appropriate valid logic level of CLKX. 

Note 7: Delay measured from valid logic level on CLKX edge initiating change to valid output voltage level. 

Note 8: With respect to the valid "0" level on the falling edge of jnput Data Strobe (I DS). 

Note 9: Typical load circuit: 



Note 10: Typical output delay versus load capacitance Ci. Notail: Typical Vqq supply current versus temperature, 

for load circuit in Note 9: 



15-D7 
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INS8900 


Timing Waveforms (continued) 


INTERNAL 

CLOCKPHASE 2 3 4 S 4 7 I 1 2 3 



Figur* 4. Oata Output Timing 


INTERNAL 


CLOCKPHASE 



CLXX 

ADDRESS 

DATA 

NADS 

PACE 

OUTPUTS 

INPUT 

DATA 

OUTPUT 

DATA 

0 OS/I OS 

EXTEND 



Figura 5. Extend I/O Signal Timing 



Figure 6. Suspend I/O Signal Timing 
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INS8900 


Tming Waveforms (continued) 



NOTES: 

1. EXTERNAllY GENERATED TTl INPUTS OVERRIDE PACE OUTPUTS. 

2. ^ CROSSHATCH INDICATES "OON7 CARE" INPUT STATE. 

(pvl^URATION OF EXTEND DURING PACE I/O CYCLES TIMING ASSUMES NO OTHER EXTENDS AND ND SUSPENDS. 

Figure 7. Relative Timing for Level-0 Interrupt Generation 


-EXECUTION SUSPENDED 
>11+1, CYCLES 




PROCESSOR STALL OURATION 




RESUME NORMAL OPN- 
APPROX 4 CYCLES 


-DRIVEN LOW EXTERNALLY - 


—.J I^OCLK 

_J S CLOCK CYCLE MIN | 
INTERRUPT RESP TIME ' 

CYCLES 

[-.— >5 + 1, CYCLES^ 

1^ > 4 CYCLES 


kl' f## 


1 ACKINT 1 




1 CONTINUE DRIVEN J 
EXTERNALLY 

— 1 

1 |.»_APPR0X2)i + t« CLOCK CYCLES 1 

CONTINUE DRIVEN BY PACE 

^ CONTINUE DRIVEN 

I"* EXTERNALLY ^ 


NOTES: 

1. EXTER NALLY GENERATED TTL INPUTS OVERRIDE PACE OUTPUTS. 

2. VWk CROSSHATCH INOICATES "OONT CARE" INPUT STATE. 

@1, + OURATION OF EXTEND DURING PACE I/O CYCLESTIMING ASSUMES NO OTHER EXTENDS AND NO SUSPENDS. 

Figure 8. Relative Timing for Processor Stall 


The architecture of the INS8900 (shown in Figure 9) 
features a number of resources to minimize system pro- 
gram and read/write storage, increase throughput, and 
reduce the amount and cost of external support hard- 
ware. Principal resources that allow these efficiencies to 
be achieved include: 

Four 16-bit general purpose working registers available 
to the user reduce the number of memory load and store 
operations associated with saving temporary and inter- 
mediate results in system memory. 

An independent 16-bit status and control flag register 
automatically and continuously preserves system status. 
The user may operate on its contents as data, allowing 
masking, testing, and modification of several bit fields 
simultaneously. 

A ten-word (16-bit) last-in, first-out (LIFO) stack 
inherently decreases response time to interrupts while 
eliminating both program and read/write system storage 
overhead associated with storing stack information 
outside the microprocessor chip. 


Stack full/stack empty interrupts are provided to facili- 
tate off-chip stack storage in those applications where 
additional stack capacity is desirable. 

A six-level vectored priority interrupt system internal to 
the chip provides automatic interrupt identification, 
eliminating both program storage overhead and the time 
normally required to poll peripherals in order to identify 
the interrupting device. 

Three sense inputs and four control flag outputs allow 
the user to respond directly to specific combinations of 
status present in the microprocessor-based system, thus 
eliminating costly hardware, program overhead, and 
throughput associated with implementing these func- 
tions over the system data bus. 

A comprehensive set of input/output control signals 
provided by the internal control logic simplifies inter- 
faces to memory and peripherals and allows flexible 
control of INS8900 operations. 


Single-phase 2.0 MHz clock input is easily generated with 
a minimum of external components. 
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PACE STE 


absolute maximum ratings ^ ^ ^ 

Supply Voltage (Vcc) 7.0 V 

{VggI -15.0 V 

Input Voltage 5.5 V 

Storage Temperature -65°C to +150°C 

Lead Temperature (soldering, 10 seconds) 300° C 


operating conditions 

Min. Max. Units 

4.75 5.25 V 

-11.40 -12.6 V 

0 +70 °C 


Supply Voltage (Vcc) 
(Vgq) 

Temperature 


dc electrical characteristics (Notes 2 and 3) 


Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

OUTPUT SPECIFICATIONS: 

TCLK,TCLK* (TTL Clocks) 

Vcc “4.75 V )oH — 1mA 

3.65 

4.25 


■ 

Vqh Logic "1" Output Voltage 

Vql Logic "0" Output Voltage 

Vcc = 4.75 V loL = 32mA 


0.25 

0.4 


Iqs Output Short Circuit Current 

(Note 4), Vcc = 5.25 V. Vo = 0 

-10 

-33 

-55 

mA 

CK, NCK,CLK, NCLK 


Vcc - 0.9 

m 


V 

Vqh Logic "1" Output Voltage 

Vql Logic "0" Output Voltage 

Vcc = 4.75 V 
Vgg = -11.4 V 

Iql ~ 100 


1 Vgg + o.i| 

Vgg + 0.25 

V 

loL= 5 mA 


■uiiiiy 


V 


INPUT SPECIFICATIONS: 


EXTC 


2.0 



V 

V|H Logic "1" Input Voltage 

I|H Logic "1" Input Current 

Vcc = 5.25 V 




40 

HA 

1 V,n = 5.5V 



1.0 

. mA 

V|L Logic "0" Input Voltage 




0.8 

V 

I|L Logic "0" Input Current 

Vcc “5.25 V V,l = 0.4V 


-0.9 

-1.6 

mA 

VcLAMP Input Clamp Diode 

Vcc “4.75 V l|L = -12mA 


-0.8 

-1.5 

V 

POWER SUPPLY CURRENT 

Vcc “5.25 V 


20 

30 

mA 

Ice Supply Current from Vcc 

Igg Supply Current from Vgg 

Vgg = -12.6 V 


-40 

-55 

mA 


ac electrical characteristics Crystal Freouency at 2.6667 MHz iA = 0°Cto+70°C, Vcc-Vgg = +17V±5% 


Symbol 

Parameter 

1 Limits 1 

Units 

Test 


BTl 


Conditions 

^NOVl< 1 nOV2 

Non.Overlap Tinfe 

Ei 

la 


■a 

See Note 5 

tpw 

MOS Clocks Pulse Width (NCLK, CLK, NCK, CK) 

300 

320 

_ 1 

wm 

See Note 5 

tR 

MOS Clocks Rise Time (NCLK, CLK, NCK, CK) 



EDI 

wm 

See Note 5 

tF 

MOS Clocks Fall Time (NCLK, CLK, NCK, CK) 



01 

091 

See Note 5 

tPHl. 1PH2 

TTL Clocks to MOS Clocks High Level Delay 



EQI 

Ol 

See Note 5 

fpLl< 'PL2 

TTL Clocks to MOS Clocks Low Level Delay 




IB 

See Note 5 

fTOl.lT02 

TTL Clock to TTL Clock Delay 



m 

m 

See Note 5 

fSTART 

Time Delay from Last Power Applied to MOS Clocks Stabilized 



100 

1 1 

See Figure 7 


Notes; 

1 . "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

2. Unless otherwise specified, min/max limits apply across the 0°C to +7(f C temperature range and Vcc “ 4.75 V to 5.25 V, Vqg “ -1 1.4 V , 
to -12.6 V power supply range. All typicals are given for Vcc “ 5.0 V, Vqg “ -12 V, and Ta “ +25° C. 

3. All currents into device pins are shown as positive; currents out of device pins are shown as negative. All voltages are references to ground 
unless otherwise noted. 

4. Only one output at a time should be shorted. 

5. The test conditions for measuring AC parameters are shown in Figures 2 and 3, with Ci ■ C 2 “ 60 pF, C 3 = 80 pF, Cfgov “ 60 pF. Load 
conditions for MOS clocks and TTL clocks are shown in Figures 4 and 5. Including probe and jig capacitance, C|_i = 20 to 80pF, and 
Cl2 “ 40 pF. 
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PACE STE 
test conditions 


OP83Q2 


1 

2 

3 

NC ^ 
NC 

J Vcc 

CK 

16 

IS 

14 


UnL^ 1 



13 


nur 

2.6667 MH] 

5 



12 



6 

7 

TCLK 

NCK 

11 

10 

;ct 5 

r'J . 



Jif 


r 



Cnov 

JC3 


.X 






Cl ■ C2 ■ 60pF. C3* BQpF. Cnqv * 60 pF* 
*ALL CAPACITORS ARE iS% 


Figure 3. 

typical characteristics 

TYPICAL NON OVERLAP TIME VS. 
NON-OVERLAP CAPACITOR 



NON OVERLAP CAPACITANCE 
Figure 6. 


NCLK. NCK. CLK, CK LOAD TCLK*. TCLK LOAD 

OUTPUT UNDER 
TEST 



Figure 4. Figure 5. 


*1TAJU - TIME delay FROM LAST 
POWER APPLIED TO MOS CLOCKS 
STABILIZED. 



Figure 7. 
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PACE BTE/8 

absolute maximum ratings (Notei) 

Supply Voltage 7V 

Input Voltage (All Inputs Except MBI/0 Input Active) 5.5V 
Output Voltage , 5.5V 

MOS Bus Input Current ±10 mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics (Notes2an< 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TTL BUS PORT (BDI/O 00-07) 

V|H 

Logical "1" Input Voltage 


2.0 



V 

V|L 

Logical "0" Input Voltage 




0.8 

V 

VOH 

Logical “1" Output Voltage 

WBD* = 0.8V, 

lOH = "1 mA 

VCC"1.1 

VcC"0.8 


V 



MBI/0 = 0.5 mA 

Iqh = "5.2 mA 

2.4 

3.7 


V 

VOL 

Logical "0" Output Voltage 

WBD* = 0.8V, 

lOL = 20 mA 


MEM 

0.4 

V 



MBI/0= 100/iA 

Iql “ 50 mA 


0.4 

0.5 

V 

lOS 

Output Short Circuit Current 

WBD* = 0.8V, MBI/O = 0.5 mA, 
VOUT = OV, Vcc = 5.25V, (Note 4) 

"10 

-35 

-75 

mA 

l|H 

Logical "I" Input Current 

WBD* = 2V, V|H 

= 2.4V 



80 

MA 

h 

Input Current at Maximum 

Input Voltage 

WBD* = 2V, V|H 
Vcc = 5.25V 

= 5.5V, 



1 

mA 

l|L 

Logical "0" Input Current 

WBD* = 2V, V|L 

= 0.4V 


-10 

-250 

AiA 

VCLAMP 

Input Clamp Voltage 

WBD*=2V, l|N = 

= -12mA 


-0.2 

-1.5 

V 

lOD 

Output/Input Bus Disable Current 

WBD* = STR* = 2V, BDI/O = 0.4V 
to 4V, Vcc = 5.25V 

"80 


80 

HA 

MOS BUS PORT (MBI/0 00-07) • 

lO 

Logical "0" Input Current 

WBD* = 0.8V, lOL(TTL) " 50 mA, 
Vol< 0.5V, (Note 5) 

-5.0 


0.10 

mA 

ll 

Logical Input Current 

WBD* = 0.8V, lOH(TTL) " 

VqH ^ Vcc — 1 .1 V, (Notes 5 and 6) 

0.50 


5.0 

mA 

Vo 

Logical "0" Input Voltage 

WBD* = 0.8V, lOL(TTL) “ 50 mA, 
VOL<0.5V 



0.8 

V 

Vi 

Logical "1" Input Voltage 

WBD* = 0.8V, lOH(TTL) “ 
VOH>VcC-1-1V 

2.0 

1.5 


V 

VOH 

Logical "1" Output Voltage 

WBD* = CE1 = BDI/O = 2V, 
lOH(MOS) = -1 mA, CE2* = 

STR* = 0.8V 

■ 

3.3 


V 

VOL 

Logical "0" Output Voltage 

WBD* = CE1 = 2V, IOL(MOS) = 

5 mA, CE2* = STR * = BDI/O = 0.8V 


0.28 

0.5 

V 

lOS 

Output Short Circuit Current 

WBD* = CE1 = BDI/O = 2V. 

Vcc = 5.25V, VoUT = OV, 

STR* = CE2* = 0.8V, (Note 4) 

■ 

-15 

-45 

mA 

VCLAMP 

Input Clamp Voltage 

l|N = "12 mA 



-1.5 

V 

lOD 

Output/Input Bus Disable Current 

MBI/O = 0.4V to 4V, Vcc = 5.25V 

-80 


80 

a<a 


recommended operating conditions 


Supply Voltage (Vcc) 
Temperature (T/\) 


MIN MAX 
4.75 5.25 

0 +70 


UNITS 

V 

°C 


d3) 


CONTROL INPUTS (WBD*, CE1, CE2*, STR*) 


V|H 

Logical "1" Input Voltage 

V|L 

Logical "0" Input Voltage 

l|H 

Logical "1" Input Current 

ll 

Input Current at Maximum 


Input Voltage 



V 

0.8 

V 

20 

UA 

1.0 

1 

mA 
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PACE BTE/8 

dc electrical characteristics (continued) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CONTROL INPUTS (WBD‘, CE1, CE2*, STR 

*) (continued) 






1|L Logical "0" Input Current 

V|N = 0.4V 


-250 

-400 

/tA 

VCLAMP Input Clamp Voltage 

l|[\| = -12 mA 


-0.85 

-1.5 

V 

POWER SUPPLY CURRENT 

Ice Power Supply Current 

Vec = 5.25V 


70 

110 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to 
imply that the devices should be operated at these limits. The tabl&of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2; Unless otherwise specified, min/max limits apply across the 0°C to temperature range and the 4.75V to 5.25V power supply range. 

All typicals are given for Vqq = 5V and T/\ = 25°C, 

Note 3; All currents into device pins are shown as positive, out of device pins are negative. All voltages are referenced to ground unless otherwise 
noted. 

Note 4; Only one output at a time should be shorted. 

Note 5: The MBI/O Input Characteristic Graph illustrates this parameter and defines the regions of guaranteed logical "0" and logical ’.T" out- 
puts. See equivalent input structure for clarification. When the MBI/O input is loaded with a high impedance source (open), the TTL output will 
be in the logic "0" state. 

Note 6; The maximum MOS bus positive input current specification is intended to define the upper limit on guaranteed input clamp operation. 

At higher input currents (up to the absolute maximum rating) clamp operation is not guaranteed but TTL bus logic state is valid and no device 
damage will occur. 

Note 7: In most applications the MOS bus data lines are higher impedance and more sensitive to noise coupling than TTL bus lines. Conservative 
design practice would dictate routing MOS bus lines away from high speed, low impedance TTL lines and MOS clock lines or providing a ground 
shield when they are adjacent. 

ac electrical characteristics 

VeC “ 5V ±5%, Ta = 0°C to -i-70°C 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DATA TRANSFER SPECIFICATIONS 

Receiving Mode (BDI/0 Bus to MBI/O Bus) 

WBD* = 3V, Cl = 15 pF, 

BilSI 


17 

40 

ns 


RL = 1 kn, (Figures 4 and 6) 

tpdl 


20 

40 

ns 

Driving Mode (MBI/O Bus to 

WBD* = CE1 = OV, 



40 

60 

ns 

BO I/O Bus) 

STR* = CE2* - 3V, 

cl = 50pf, rl= 100 n, 

(Figures 3 and 5) 

tpdl 


40 

60 

ns 

TRANSCEIVER MODE SPECIFICATIONS 

Select Bus 

tDS Chip Enable Data Set-Up 

(Figure 1) 

45 

23 


ns 

tDH Chip Enable Data Hold 

(Figure 1) 

0 



ns 

tES Set-Up 

(Figure 1) 

0 



ns 

TTL Data Bus (BDI/0 00-07) 

tBD OD Bus Data Output Disable 

Cl = 5 pF, Rl = 100 n, (Figure 1) 

5 

20 

50 

ns 

tBD OE Bus Data Output Enable 

Cl = 50 pF, Rl = 100 n, (Figure 1) 


25 

80 

ns 

tBD IE Bus Data Input Enable 

(Figure 1) 


30 


ns 

tBD ID Bus Data Input Disable 

(Figure 1) 


30 


ns 

MOS Data Bus (MBI/O 00-07) 

tMB OD MOS Bus Output Disable 

Cl = 15 pF, Rl = 1 kfi, (Figure 1) 

15 

50 

100 

ns 

tMB OE MOS Bus Output Enable 

Cl = 15 pF, Rl = 1 kfl, (Figure (i 


50 

100 

ns 

fMB ID MOS Bus Input Disable 

(Figure 1) 


55 


ns 

tMB IE MOS Bus Input Enable 

(Figure 1) 


20 



ns 

Select Bus 

'CLR Clear Previous Chip Enable 

(Figure 2) 



25 

50 

ns 
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PACE BTE/8 

switching time waveforms and ac test circuits 



FIGURE 1 



FIGURE 2 


vcc'sv 



*This input network simulates the actual drive characteristic of the PACE outputs 
FIGURE 5. MBI/0 to BDI/O ac Loads 


vcc-sv 



FIGURE 6. BDI/O to MBI/O ac Loads 


Note 1: Freq = 1 MHz, duty cycle = 50%. tR = tp < 10 ns (refer to Figures 5 and 6). 

Note 2: All capacitance values include probe and jig capacitance (refer to Figures 5 and 6). 
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PACE BTE/8 

typical performance characteristics 



MOS Bus Voltage Threshold 



■ 

■ 

■ 

mi 

■ 

II 

a 

■ 

ID 

B 

■ 

m 

m 

a 


1 

II 

■i 

II 

B 

■1 


■1 

iss 

a 

■ 

■ 

Mi 




1.2 1.3 1.4 1.5 1.6 1.7 1.8 


INPUT VOLTAGE (V) 

INPUT VOLTAGE (V) 

INPUT VOLTAGE (V) 

MOS BUS 

MOS BUS 

MOS BUS 


© 



120 140 160 180 ZOO 220 


TTL Bus Threshold Characteristic 


Low'Level Output Voltage 
vs Output Current TTL Bus 



INPUT CURRENT 
MOS BUS 


INPUT VOLTAGE (V) 
TTL BUS 


LOW-LEVEL OUTPUT VOLTAGE (V) 
mBUS 


High-Level Output Voltage 
vs Output Current TTL Bus 
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Output Current vs Output Voltage 
High Impedance State TTL Bus 



-1 0 2 4 6 8 ’ 10 


Low-Level Output Voltage 
vs Output Current MOS Bus 



0 0.1 02 0.3 0.4 0.5 


HIGH LEVEL OUTPUT CURRENT (mA) 
TTL BUS 


OUTPUT VOLTAGE IV} 
HL BUS 


LOW LEVEL OUTPUT VOLTAGE (V) 
MOS BUS 



High-Level Output Voltage 
vs Output Current MOS Bus 



0-4-8 -12 -16 -20 


Output Current vs Output 
Voltage High Impedance 
State MOS Bus 



HIGH LEVEL OUTPUT CURRENT (mA) 
MOS BUS 


OUTPUT VOLTAGE (V) 
MOS BUS 
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Chapter 16 

THE GENERAL tNSTRUMENT CPI 600 


The CP1600 and the TMS 9900 were the first two NMOS 16-bit microprocessors commericially available. Even 
a superficial inspection of the CPI 600 shows it to be more powerful than the National Semiconductor Pace (or 8900). 
yet the CPI 600 is not widely used. This is because General Instrument does not support the CPI 600 to the extent 
that National Semiconductor supports Pace, or most manufacturers support their 8-bit microprocessors. 

General Instrument's marketing philosophy has been to seek out very high-volume customers; General Instru- 
ment supports low-volume customers only to the extent that this support would not require substantial investment on 
the part of General Instrument. 

From the viewpoint of the low-volume microprocessor user. General Instrument’s marketing philosophy is unfortunate. 
The CPI 600 is an ideal microprocessor for the more sophisticated video games that are appearing, and its rich instruc- 
tion set and capable architecture make it an ideal choice for data processing terminals and home computer systems. 
However, due to its limited support, potential low-volume CPI 600 customers are likely to choose another equally capa- 
ble product. 

Three CPI 600 parts are available, differentiated only by the clock speeds for which they have been designed. 

The CPI 600 requires a 3.3 MHz, two-phase clock and generates a 600 nanosecond machine cycle time. 

The CPI 600 requires a 4 MHz, two-phase clock and generates a 500 nanosecond machine cycle time. 

The CPI 610 requires a 2 MHz, two-phase clock and generates a 1 microsecond cycle time. 

In addition to the CPI 600 microprocessors themselves, the CPI 680 Input/Output Buffer (lOB) is described in 
this chapter. Additional support devices for the CP1600 may be found in Volume 3. 

The sole source for the CPI 600 is: 

GENERAL INSTRUMENT 
Microelectronics Division 
600 West John Street 
Hicksville. New York 1 1802 

There is no second source for the CPI 600. General Instrument has a policy of discouraging second sources for its 
product line. 

The CPI 600 is fabricated using NMOS ion implant LSI technology; the device is packaged as a 40-pin DIP. 

Three power supplies are required: -F12V. -F5V and -3V. 

THE CPI 600 MICROCOMPUTER SYSTEM OVERVIEW 

Logic of our general microcomputer system which has been implemented by the CPI 600 CPU is illustrated in 
Figure 16-1. 

Observe that the CPI 600 requires external logic to create its various timing and clock signals. 

Some bus interface logic is shown as absent because a number of devices must surround the CPI 600; these in- 
clude: 

1) An address buffer, since data and addresses are multiplexed on a single 16-bit bus. 

2) Buffer amplifiers to provide the power required by the type of memory and I/O devices that will normally be con- 
nected to a CPI 600 CPU. 

3) A one-of-eight decoder chip to create eight individual control signals out of three controls output by the CPI 600. 

4) A one-of-sixteen multiplex chip to funnel sixteen external status signals into the CPI 600 if using external 
branches. 


16-1 



Were you to compare Figure 1 6-1 with an equivalent figure for a low-end microprocessor such as the SC/MP (which is 
described in Chapter 3), the CPI 600 might appear to offer fewer logic functions; but within the functions it does pro- 
vide, the CPI 600 provides considerably more logic and program execution capabilities. Where low-end 
microprocessors choose to condense, onto a single chip, simple implementations of different logic functions, high-end 
products such as the CPI 600 choose to provide more devices — with greater capabilities on each device. 



Figure 16-1. Logic of the CP1600 CPU and CP1680 I/O Buffer 
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CPI 600 PROGRAMMABLE REGISTERS 

The CPI 600 has eight 16-bit programmable registers, which may be illustrated as follows: 



RO \ 


R1 \ 1 


R2 > Data Counters I 


R3 j 1 


\ Data Counters with / 


R5 ) auto-increment I 


R& Stack Pointer 1 


R7 Program Counter 1 


General Purpose registers 


The way in' which the registers illustrated above are used is unusual when compared to other microcomputers de- 
scribed in this book. All eight 16-bit registers can be addressed as though they were general purpose registers: 
however, only Register RO has no other assigned function. We may therefore look upon Register RO as the Primary Ac- 
cumulator for this CPU. 

Registers R1, R2, and R3 serve as general purpose registers, but may also be used as Data Counters. 

In addition to serving as general purpose registers, R4 and R5 may be used as auto-incrementing Data Counters. 
Memory reference instructions that identify Register R4 or R5 as holding the implied memory address will cause the 
contents of Register R4 or R5 to be incremented — after the memory reference instructions have completed execution. 

Registers R6 and R7, in addition to being accessible as general purpose registers, also serve as a Stack Pointer and a 
Program Counter, respectively. 

Having the Stack Pointer accessible as a general purpose register makes it quite simple to maintain more than one 
Stack in external memory: also, you can easily address the Stack as data memory using the Stack Pointer as a Data 
Counter. 

Having the Program Counter accessible as a general purpose register can be useful when executing various types of 
conditional branch logic. 

While having the Stack Pointer and the Program Counter accessible as though they were general purpose registers 
may appear strange, this is a feature of the PDP-11 minicomputer — and is a very powerful programming tool. 

CPI 600 MEMORY ADDRESSING MODE 

The CPI 600 addresses memory and I/O devices within a single address space. 

When referencing external memory, you can use direct addressing, implied addressing, or implied addressing 
with auto-increment. 

Direct addressing instructions are all two or more words long, where the second or last 
word of the instruction object code provides a 1 6-bit direct address. 

CPI 600 direct addressing instructions are complicated by the fact that CPI 600 program 
memory is frequently only 10 bits wide. That is to say, even though the CPI 600 is a 16-bit microprocessor, its instruc- 
tion object codes are only 10 bits wide. If program memory is only 10 bits wide, then direct addresses will only be 10 
bits wide. A 10-bit direct address will access the first 1024 words of memory only. 


CPI 600 DIRECT 
ADDRESSING 
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Were you to implement a 1 6-bit wide program memory, then you could directly address up to 65,536 words of memo- 
ry; however, six bits of the first object program word for every instruction in program memory would be wasted. This 
may be illustrated as follows: 


Program 

Memory 


Six unused 
bits in each 
of these 
memory locations 



Three memory 
reference 
instructions 
that specify 
direct addressing 


Instructions that reference memory using implied addressing identify general purpose 
Register R1, R2, or R3 as containing the implied address. 

A memory reference instruction which identifies Register R4 or R5 as providing the external 
memory address will always cause Register R4 or R5 contents to be incremented following the 
memory access; thus you have implied memory addressing with auto-increment. 

Memory reference instructions that specify implied memory addressing via Register 1, 2, 3, 4, or 5 can access 
8-bit memory. An SDBD instruction executed directly before a valid memory reference instruction forces the memory 
reference instruction to access memory one byte at a time. If implied memory addressing via Register 1, 2, or 3 is 
specified, then the same byte of memory will be accessed twice. For an instruction that loads the contents of data 
m.emory into Register RO, this may be illustrated as follows; 


CPI 600 

IMPLIED 

ADDRESSING 
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If Register R4 or R5 provides the implied memory address for the instruction which follows an SDBD instruction, then 
the implied memory address is incremented twice, and two sequential low-order bytes of data are accessed. For an in- 
struction which loads data into Register RO, this may be illustrated as follows: 


Memory 



low-order byte of the next two sequential program memory locations. This may be illustrated as follows; 


Memory 



Without the preceding SDBD instruction, an immediate instruction will access the next single program memory word 
to find the required immediate data. Ten or more bits of immediate data will be accessed, depending on the width of 
program memory words. 

The CPI 600 has no Stack reference instructions such as a Push or Pull; rather, a variety of CPI 600 
memory reference instructions can identify Register R6 as providing the implied address. STACK 

When Register R6 provides the implied address, it is treated as an upward migrating Stack ADDRESSING 

Pointer. When a memory write operation specifies Register R6 as providing the implied memory 
address. Register R6 contents will be incremented following the memory write. A memory read instruction that 
specifies Register R6 as providing the implied memory address will cause the contents of Register R6 to be decre- 
mented before the read operation occurs. 

An unusual feature of the CPI 600 is the fact that a variety of secondary memory reference instructions can also 
reference memory via the Stack Pointer. When these instructions are executed. Register R6 contents are decre- 
mented before the memory access occurs — as though a Pull operation from the Stack were being executed. 

Logically, Register R6, the Stack Pointer, is being handled as though it were a Data Counter with post-increment and 
pre-decrement. 
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Jump instructions use direct memory addressing. Jump. instructions are all three words long. The direct address is 
computed from the second and third memory words as follows: 


9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

X 

X 

A 

A 

A 

A 

A 

A 

Y 

Y 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 


JR or JSR 
Word 2 
Word 3 


AAAAAABBBBBBBBBB Jump address (binary) 
yy are enable/disable bits for interrupts 

XX identify the register where the return address will be stored for JSR 
XX and yy are described in detail in Table 16-4. 

You can enable or disable interrupts whenever you execute a Jump or Jump-to-Subroutine instruction. 

The only difference between a Jump instruction and a Jump-to-Subroutine instruction is that the Jump-to-Subroutine 
instruction saves the Program Counter contents in Register 4, 5, or 6. The two high-order bits (xx) or the second Jump- 
to-Subroutine object code word specifies which of the three registers will be used to hold the return address. 

Jump-to-Subroutine instructions, like the Jump instruction, allow direct memory addressing only. 

CPI 600 STATUS AND CONTROL FLAGS 

The CP1600 CPU has four of the standard status flags; In addition, it has some unusual control signals. 

These are the four standard status flags: 

Sign (S). This status is set equal to the high-order bit of any arithmetic operation result. 

Zero (Z). This status is set to 1 when any instruction's execution creates a zero result. The status is set to 0 for a nonzero 
result. 


The Carry (C) and Overflow (0) statuses are standard carry and overflow, as described in Volume 1. 

Four control signals (EBCAO • EVCA3) are output during a Branch-on-External (BEXT) instruction. These four sig- 
nals are output to reflect the low-order four bits of the BEXT instruction’s object code. External logic receives these four 
signals and (depending on their state), may or may not return a high input via EBCI. If EBCI is returned high, then the 
BEXT instruction will perform a branch; if EBCI is returned low, then the BEXT instruction will cause the next sequential 
instruction to be executed. The four control signals EBCAO - EBCA3 therefore provide the CPI 600 with a means of test- 
ing 16 external conditions. 

CP1 600 CPU PINS AND SIGNALS 

CPI 600 CPU pins and signals are illustrated in Figure 16-2. 

DO - D15 is a muitiplexed Address and Data Bus. Given a total of 40 pins in a package, CPI 600 designers have been 
forced to share 16 pins between addresses and data. Three control signals, BDIR, BC1, and BC2, identify the traffic 
on the Address/Data Bus. External logic (one MSI chip) must decode these three signals to create eight control 
signals, as summarized in Table 16-1. 

Remaining signals may be divided into four groups: timing, status/control, interrupt, and DMA. 

Two timing ciock signals are required: 01 and 02. These are complementary clock signals which may be illustrated 
as follows: . 

- _r — 1— r — — L. 

^~~ v / \ r — - 1 r 
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1 


40 


PCIT 

2 


39 

— 

GND 

3 


38 

— 

<t>1 

4 


37 

— 

4>2 

S 


36 

— 

VOD 

6 


35 

— 

Vbb 

7 


34 

— 

vcc 

8 


33 

< — 

BDRDY 

9 


32 

< — 

STPST 

10 

CP1600 

31 

— 

BUSRQ 

11 

CPU 

30 

— ^ 

HALT 

12 


29 


BUSAK 

13 


28 

^ — 

INTR 

14 


27 

^ ■■ 

INTRM 

15 


26 

— ^ 

TCl 

16 


25 

— ^ 

EBCAO 

17 


24 

— ► 

EBCA1 

18 


23 

— ^ 

EBCA2 

19 


22 

— ^ 

EBCA3 

20 


21 


D2 


Pin Name 

Description 

Type 

DO- D15 

Data and Address Bus 

Tristate, Bidirectional 

BOIR, BCI, BC2 

Bus control signals 

Output 

<t>1. <t>2 

Clock signals 

Input 

MSYNC 

Master Synchronization 

Input 

EBCAO • EBCA3 

External branch condition address lines 

Output 

EBCI 

External branch condition input 

Input 

PCIT 

Program Counter inhibit/software 
interrupt signal 

Input 

BDRDY 

WAIT 

Input 

STPST 

CPU stop or start on high-to-low transition 

Input 

HALT 

INTR. INTRM 

Halt state signal 

Output 

Interrupt request lines 

Input 

TO 

Terminate current interrupt 

Output 

BUSRQ 

Bus request 

Input 

BUSAK 

External bus control acknowledge 

Output 

Vbb. Vcc, vqd, gnd 

Power and Ground 



Figure 16-2. CP1600 CPU Signals and Pin Assignments 


MSYNC i s a some what unusual signal, as compared to other microcomputer clock signals in this boo k. Following 
powerup, MSYNC must be held low for at least 10 milliseconds. On the subsequent rising edge of MSYNC, logic inter- 
nal to the CPI 600 CPU will syncfirpnize the 4>1 and <I>2 clock signals to start a new machine cycle. Most of the CPU 
devices we have described in this book use a reset signal, or have internal powerup logic which performs this clock 
synchronization. 

Now consider the status and control signals. 

First of all, there are the four control outputs which we have already described: EBCAO - EBCA3. There is one con- 
ditional Branch instruction (BEXT) which will only branch if a high signal is input via EBCI. When the BEXT in- 
struction is executed, the low-order four BEXT instruction object code bits are output via EBCAO - EBCA3. External 
logic is supposed to decode these four signals by whatever means are appropriate — and thence determine whether 
EBCI should be input high or low. A high input, as we have just stated, will result in a branch: a low input will cause the 
next sequential instruction to be executed. 

In reality, there is no connection within CP16QP CPU logic between the EBCI input and the four EBCAO - EBCA3 out- 
puts. So far as external logic is concerned, the execution of a BEXT instruction is identified by signal levels output and 
maintained on the EBCAO - EBCA3 outputs, while the EBCI input determines whether a branch will or will not occur. 
How external logic chooses to determine whether EBCI will be set high or low is entirely up to external logic. The only 
vital function served by EBCAO - EBCA3 is to identify the instant at which a BEXT instruction is executed. 

Another unusual control signal provided by the CP1600 is PCIT; this is a bidirectional signal. When input low, this 
signal prevents the Program Counter frorn being incremented following an instruction fetch. This signal is also output 
as a low pulse following execution of a software interrupt instruction. Instruction timing separates the active input and 
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active output of this signal; providing external logic adheres to timing requirements, a conflict between input and out- 
put logic will never arise. 

BDRDY is equivalent to the WAIT signal we have described for a number of other microcomputers. BDRDY is in- 
put low by any external logic which requires more time in order to re spond to an I/O access. Recall that the CPI 600 
uses a single addr ess spac e to reference memory or I/O devices. The BDRDY signal causes the CPU to enter a Wait 
state for as long as BDRDY is being input low: however, during the Wait state CPU logic is not refreshed. Thus a Wait 
state cannot last for more than 40 microseconds, or the contents of internal CPU locations will be lost. 

STPST, a Halt/Reset input, is an edge-triggered signal. When external logic inputs a high-to-low transition via STPST, 
the CPU will complete execution of any interrupt instruction, then will enter a Halt state and output HALT high. If a 
non-interruptable instruction is being executed, then the Halt state will not being until completion of next interruptable 
instruction's execution. The Halt state will last until external logic inputs another high-to-low STPST transition, at 
which time the Halt output will be returned low and normal programming execution will continue. Execution of the 
HLT instruction also causes the CPI 600 to enter a Halt state, as described above. 

Let us now look at interrupt signals. 

The CPI 600 has two inte rrupt request inputs — INTR and INTRM. INTR has higher priority than INTRM. INTR can- 
not be disabled. Typically, INTR wilj be used to trigger an interrupt upon power failure or other catastrophes. 

The interrupt acknowledge signal is created by external logic which must decode the BC1, BC2, and BDIR sig- 
nals, as shown in Table 16-1. Observe that there are, in fact, two interrupt acknowledge signals: the first (INTAK) 
acknowledges the interrupt itself, while the second (DAB) is used as a strobe for external logic to return an interrupt ad- 
dress vector. The interrupt sequence is described later in this chapter. 

The CP1600 has two additional interrupt-related signals which are unusual when compared to other microcomputers 
described in this book. 

TCI is output high when an End-of-Interrupt instruction is executed. This signal makes it easy for external logic to 
generate interrupt priorities which extend across the execution of an interrupt service routine. We have discussed this 
subject in some detail while descrijaing the 8259 Priority Interrupt Control Unit in Chapter 4. 


Table 16-1. CP1600 Bus Control Signals 


BC1 

BC2 

BDIR 

SIGNAL 

FUNCTION 

0 

0 

0 

NACT 

The CPU is inactive and the Data/Address Bus is in a high impe- 
dance state. 

0 

0 

1 

BAR 

A memory address must be input to the CPU via the Data/Address 
Bus. 

0 

1 

0 

lAB 

Acknowledged external interrupt requesting logic must place the 
starting address for the interrupt service routine on the Address Bus. 

0 

1 

1 

DWS 

Data write strobe for external memory. 

1 

0 

0 

ADAR 

This signal identifies a time interval during which the Data/Address 

Bus is floated, while data input on the Data Bus is being interpreted 
as the effective memory address during a direct memory addressing 
operation. 

1 

0 

1 

DW 

The CPU is writing data into external memory. DW wijl precede 
DWS by one machine cycle. 

1 

1 

,0 

DTB 

This is a read strobe which external memory or I/O logic can use in 
order to place data on the Data/Address Bus 

1 

1 

1 

INTAK 

This is an interrupt acknowledge signal. It is followed by lAD which 
is a strobe telling the external logic which is being acknowledged to 
identify itself by placirig an address vector on the Data/Address Bus. 
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preceding 
data output 


Figure 1 6-3. CP1600 Machine Cycles and Bus Tinning 



Figure 16-4. CPI 600 Instruction Fetch Timing 
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Figure 16-5. CPI 600 Timing for Memory Read Instruction with Implied Memory Addressing 


CP1600 INSTRUCTION TIMING AND EXECUTION 

CP1600 instructions are executed as a sequence of machine cycles. Each machine cycle has four clock periods, 
as illustrated in Figure 16-3. Machine cycles are identified by their cycle number and by the levels of, the BC1, BC2, 
and BDIR signals. Each of the eight level combinations is given a name, taken fromTable 16-1. This name becomes the 
name of the machine cycle. Thus in Figure 16-4, and in subsequent instruction timing illustrations, each machine cy- 
cle is identified by a signal name from Table IG-T: 

Figure 1 6-3 shows general case timing for data output or input on the Data/Address Bus. In between data input or out- 
put operations the bus is floated. 

CPI 600 MEMORY ACCESS TIMING 

Figure 1 6-4 illustrates instruction fetch timing fora CPI 600 instruction's execution. Three machine cycles are re- 
quired. During the first machine cycle an address is output. Nothing happens during the second machine cycle; it is a 
"time spacing" machine cycle that routinely separates two CPI 600 Bus access machine cycles. The object code for the 
accessed instruction is returned during the third niachine cycle. 

Figure 16-5 illustrates timing for the simplest memory read instruction's execution. In this case the data memory 
address is taken from one of the CPU registers. There is no difference between timing for the three machine cycles of an 
instruction fetch or a data memory read. As illustrated in Figure 16-5, a simple memory read instruction's execution 
consists of two three-machine cycle memory read operations, separated by a spacing no operation machine cycle. 


16-10 








ADAM OSBORNE & ASSOCIATES, INCORPORATED 



Figure 16-6. CPI 600 Timing for Memory Write Instruction with Implied Memory Addressing 

Figure 16-6 illustrates timing for a simple CP1600 memory write instruction execution. Data is output for two 
machine cycles, giving external logic ample time to respond to the data output. External logic uses the DWS machine 
cycle as a write strobe. 


Any memory reference instruction that specifies direct memory addressing will require one three-clock-period machine 
cycle to fetch each word of the instruction object code; an NACT clock period will seperate each machine cycle. After 
the first instruction fetch machine cycle, an ADAR-NACT clock period combination will be inserted in the second (and 
third, if present) instruction fetch machine cycle. During an ADAR clock period, BC1 is high, while BC2 and BDIR are 
low. No other control signals are active. Thus, for a two-word memory read or memory write instruction that 
specifies direct addressing, the following clock periods and machine cycles will be required for instruction ex- 
ecution: 


Direct Addressing 
Memory Read 
Machine Cycles 


Direct Addressing 

Memory Write 
Machine Cycle 


BAR 1 Fetch first instruction / BAR 

NACT/ object code word NACT 

DTB ) (DTB 


NACT Spacing machine cycle' 


■►NACT 


BAR \ / BAR 

NACT f 1 NACT 

ADAR /'^ Fetch second instruction ►/ ADAR 

NACT i object code word | NACT 

DTB / V DTB 


NACT Spacing machine cycle 

BAR 1 Memory read Memory write 

NACT machine cycle machine cycle 

DTB I 


► NACT 

( BAR 
NACT 
DW 
DWS 
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Figure 16-7. CP1600 Wait State Timing 


THE CPI 600 WAIT STATE 

The CPI 600 has a Wait state equivalent to those desc ribed for other microcomputers in this book. External logic that 
requires more time to respond to an access must input BDRDY low before the end of the BAR machine cycle, during 
which an address is output and the device is selected. Timing is illustrated in Figure 16-7. 

if you examine Figures 16-4, 16-5 and 1 6-6, you will see that an address is output during a BAR machine cycle to initi- 
ate any external device access. The BAR machine cycle is always foll owed by an NACT machine cycle; in the middle of 
T1 during this NACT machine cycle, the CPI 600 samples BDRDY. If BDRDY is low, the n a seque nce of NACT machine 
cycles o ccurs. In the middle of T4 for every NACT machine cycle, the CP1600 samples BDRDY again. Upon detecting 
BDRDY high, the CPI 600 resumes instruction execution with a DTB machine cycle. 

A Wait state must last for less than 40 microseconds, since the CPI 600 is a dynamic device. 

THE CPI 600 HALT STATE 

The CPI 600 has a Halt state which may follow execution of the Hait instruction, or may be initiated by external 
logic. 

When the Halt instruction is executed, then, following the instruction fetch machine cycle, the HALT signal is output 
high and a sequence of NACT machine cycles is executed. 

External logic initiates a Halt state by making the STPST input undergo a high-to-low transition. Following execution of 
the next interruptable instruction, a Halt state begins. The HALT signal is output high and a sequence of NACT 
machine cycles is executed. 

A Halt state, whether it is initiated by execution of a Halt instruction or by a high-to-low transition of STPST, must be 
terminated by a high-to-low transition of STPST. This will cause the Halt state to end at the conclusion of the next 
NACT machine cycle. Timing for a Halt state which is initiated and terminated by STF’ST may be illustrated as follows: 
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The PCIT sign al as a n input inhibits CP1 600 Program Counter increment logic. Thus, external 
logic can i nput PCIT low — in which c ase th e same instruction will be continuously re-executed 
until PCIT go es hig h ag ain. Ho wever. PClT should only change levels while the CPU has been 
halted. Thus, PCIT and STPST should be used together as follows: 


CPI 600 

PCIT 

SIGNAL 



CP1600 INITIALIZATION SEQUENCE 

The CP1600 is initialized by inputting the MSYNC signal low for a minimum of 10 milliseconds after power is 
first applied to the CPU. 

MSYNC must make a low-to-high transition, marking the end of the initialization, on a rising edge of the clock sig- 
nal. On the next rising edge of ‘&1, instruction execution will begin. This may be illustrated as follows: 



When instruction execution begins, interrupts are disabled. The following sequence of machine cycles is executed: 


NACT 

lAB ^ Read Data/Address Bus and load into Program Counter 

NACT 

NACT 

NACT 

BAR-^ Output Program Counter contents to fetch first instruction 

NACT 

DTB 

etc 


During the lAB machine cycle, external logic must supply a 16-bit address at DO - D15. Your external logic must pro- 
vide this address, which in the simplest case may be 0000 by grounding the bus, or FFFFi q by tying it to -F5V following 
a startup. 

The address which is input at lAB is output at BAR, initiating program execution. 

CP1600 DMA LOGIC 

CPI 600 DMA logic is quite standard. When external logic wishes to transfer data under DMA control, it inputs 
BUSRQ low. At the conclusion of the next interruptable instruction's execution, the CPU floats the 
Data/Ad dress Bus and enters a Wait state, during which a sequence of NACT machine cycles is executed. 
BUSAK is output low at the beginning of the first NACT machine cycle. 

The NACT machine cycles that occur during a DMA operation refresh the CPU. NACT machine cycles that occur 
during a Wait state do not refresh the CPU. This means that any number of NACT machine cycles can occur during a 
DMA break, while a Wait state must be shorter than 40 microseconds. 

The DMA break ends when ext ernal logic inputs BUSRQ high again. BUSRQ is sampled during T1 of eve ry DMA NACT 
machine cycle. When BUSRQ is sampled high, two additional NACT machine cycles are executed, then BUSAK is out- 
put high and normal program execution resumes. 

DMA timing is illustrated in Figure 16-8. 
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Figure 16-9. CPI 600 Interrupt Service Routine Initialization 
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I INSTRUCTION FETCH 
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NACT 

DTB 


MCI 

MC2 
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1 1 1 
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INSTRUCTION EXECUTE/FETCH 
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1 1 
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THE CPI 600 INTERRUPT LOGIC 

The CP1600 uses a vectored interrupt processing system. 

External logic requests an interrupt by inputting a low signal at either the INTR or INTRM pins. 

Following the execution of the next interruptable instruction, the CPI 600 acknowledges the interrupt by pushing 
Register R7 contents (the Program Counter) onto the Stack: then the CP1600 outputs 1 11, followed by 010 at BC1, 
BC2, and BDIR. External logic must respond by placing 16 bits of data on the Data/Address Bus. These 16 bits of data 
will be loaded into Register R7, the Program Counter, thus causing program execution to branch to an interrupt service 
routine dedicated to the interrupt. Timing is illustrated in Figure 16-9. 

The PCIT signal is output low following execution of a software interrupt instruction (SIN), This is the only microcom- 
puter described in this book which allows external logic to respond to a software interrupt in this fashion. Allowing ex- 
ternal logic to respond to a software interrupt only makes sense when you anticipate your product being used in a 
minicomputer-like environment. Typically, the software interru pt will interface to logic of a front panel or console. 
When an SIN instruction is executed, a one-machine cycle low PCIT pulse is output. 

You may, if you wish, end an interrupt service routine by executing a Terminate Current Interrupt (TCI) instruction, in 
which case the TCI signal will be output high. 

Timing for TCI is given in Figure 16-10. 

Following an interrupt acknowledge, the interrupt service routine must execute instructions in order to disable inter- 
rupts and save the contents of registers on the Stack. The exception is Register R7, the Program Counter, which is auto- 
matically pushed onto the Stack following an interrupt acknowledge. 

External logic is entirely responsible for any type of interrupt priority arbitration which may occur, and for the genera- 
tion of the interrupt vector address which must be input following an interrupt acknowledge. 
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It is quite easy to generate signals equivalent to other microcomputer system busses from the CPI 600 System Bus. 
Therefore, you can use parts described in Volume 3 to handle CPI 600 interrupt requirements. 

THE CPI 600 INSTRUCTION SET 

The CPI 600 instruction set is relatively straightforward. Addressing modes, which we have already described, are sim- 
ple, and instructions are typical of those we have seen and described for other microcomputers. Unusual features relat- 
ing to addressing modes available with individual instructions are summarized in Table 16-2, vyhich describes the 
CPI 600 instruction set. 

If you have never programmed a PDP-1 1 minicomputer, then you should pay particular attention to program- 
ming techniques that result from the Stack Pointer and Program Counter being accessed as general purpose 
registers. 

A wide variety of Register Operate instructions allow you to compute data and load the result directly into Register R7, 
the Program Counter. In effect, these become computed Jump instructions. 

The ability to manipulate Register R6, the Stack Pointer, as though it were a general purpose register means that it is 
easy to maintain a number of different Stacks in external read/write memory. 

The Jump-to-Subroutine instruction has a minicomputer flavor to it. Rather than saving the return address on the 
Stack, Register R7 contents are moved to General Purpose Register R4 or R5. A number of minicomputers will save a 
subroutine return address in a general purpose register in this fashion. The problem with this logic is that you must ex- 
ecute an additional instruction within the subroutine to save the return address on the Stack if you are going to use 
nesting subroutines. If you are passing subroutine parameters, however, this is an excellent arrangement, for the Jump- 
to-Subroutine instruction places the address of the parameter list directly in a Data Counter with auto-increment. We 
have described the concept of parameter passing in Volume 1, Chapter 7. 

Note that the CPI 600 instruction set lacks a logical OR. 

In Tables 16-2 and 16-4, instruction length is given in terms of "words" rather than "bytes", as we have done in pre- 
vious chapters. Since only the lower 10 bits of the CP1600 object code are presently used, system configurations need 
not have the full 16-bit word size. Hence a "word" may be 10 to 16 bits wide, depending on the implementation. 

The following notation is used in Table 16-2; 


ADDR 

cond 

DATA 

DISP 

E 

EBCAO-3 

EBCI 

LABEL 

PCiT 

RB 

RD 

RM 

RR 

RS 

Statuses: 


One word of direct address 

Condition on which a branch may be taken. Table 16-3 lists all 14 branch conditions. 

One word of immediate data. 

One word displacement. See Table 16-4 for location of sign bit. 

External branch condition. 

The external branch condition address lines; EBCAO, EBCA1, EBCA2, and EBCA3. 

The external branch condition input line. 

A 16-bit direct address, target of a Jump instruction. See Table 16-4 for the bit format. 

The software interrupt output line. 

General Purpose Register R4, R5, or R6. 

One of the general purpose registers, used as a destination for operation results. 

One of the general purpose registers used as a Data Counter, R4 or R5, if specified, is auto-incremented 
after the memory access. R6 is incremented after a write, and decremented before a read. 

General Purpose Register RO, R1, R2, or R3. 

One of the general purpose registers, used as the source of an operand. 

S the Sign status 
C the Carry status 
Z the Zero status 
0 the Overflow status 

The following symbols are used in the STATUSES column: 

X the status flag is affected by the operation 
a blank means the status flag is not affected 

0 the operation clears the status flag 

1 the operation sets the flag 

2 the Overflow flag is affected only on 2-bit shifts or rotates 
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SW The Status Word, whose bits correspond to the condition of the status flags in the following way: 

3 2 10 ◄ Bit No. 

|s[ Z[o[c| Status Word 

When the status word is copied into a register, it goes to the upper half of each byte: 



fRRl [swl 

When the status word is loaded from a register, it comes from the upper half of the lower byte: 



[RS] [SW] 

x<y,z> Bits y through z of the Register x. For example. R7<15,8> represents the upper byte of the Program 
Counter ' 

(,2) Indicates that the operand ".2" is optional 

A low pulse 

[ ] Contents of location enclosed within brackets. If a register designation is enclosed withiri the brackets, 

then the designated register's contents are specified. If a memory address is enclosed within the brackets, 
then the contents of the addressed memory location are specified. 

[[ ]] Implied memory addressing: the contents of the memory location designated by the contents of a register. 

A Logical AND 

y- Logical Exclusive-OR 

± AdciitiOn or subtraction of a displacement, depending on the sign bit in the object code. 

Data is transferred in the direction of the arrow. 
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Table 16-2. CPI 600 Instruction Set Summary 


MNEMONIC 


OPERAND(S) 


STATUSES 


S Z C O 


OPERATION PERFORMED 


O {C lu 
- O O 

^ ^ ^ 
2 S liJ 

s A ^ 

s O u 

SF z “ 


MVI 

MVl@ 

MVO 

MVO®) 


ADDR.RD 

RM.RD 

RS.ADDR 

rs.Rm 


[RDl— [ADDR] 

Load register from memory, using direct addressing. 

[RD]— [[RM]] 

Load register from memory, using implied addressing. 

[ADDR] — [RS] 

Store register to memory, using direct addressing. 

[[RM]] — [RS] 

Store register to memory, using implied addressing. If RS=R4, R5, R6 or R7, then RS=RM is not 
supported. 


ADD 

ADD® 

SUB 

SUB® 

CMP 

CMP® 

AND 

AND® 

XOR 

XOR® 


ADDR.RD 

RM.RD 

ADDR.RD 

RM.RD 

ADDR.RS 

RM.RS 

ADDR.RD 

RM.RD 

ADDR.RD 

RM.RD 


X X X X 

XX X X 

XXX X 
XXX X 
XXX X 

X X X X 

X X 
XX 
X X 
X X 


[RD]— [RD]+ [ADDR] 

Add memory contents to register, using direct addressing. 

[RD]— [RD]+ [[RM]] 

Add memory contents to register, using implied addressing. 

[RD] — [RD] - [ADDR] 

Subtract memory contents from register, using direct addressing. 

[RD]— [RD] - [[RM]] 

Subtract memory contents from register, using implied addressing. . 

[RS]-[ADDR] 

Compare memory contents with registers, using direct addressing. Only the status flags are 
affected. 

[RS]-[(RM]] 

Compare memory contents with register's. Using implied addressing. Only the status flags are 
affected. 

[RD]— [RD] A [ADDR] 

AND memory contents with those of register, using direct addressing. 
tRD]— [RD] A [[RM]] 

AND memory contents with those of register, using implied addressing. 

[RD]— [RD]V [ADDR] 

Exclusive-OR memory contents with those of register, using direct addressing. 

[RD]— [RD]-V-[[RM]] 

Exclusive-OR memory contents with those of register, using implied addressing. 
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Table 16-2. CP1600 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERANO(S) 

WORDS 

STATUSES 

OPERATION PERFORMED 

S 

z 

C 

o 

Ui 

1- 

MVII 

DATA.RD 

2 





[RDl— DATA 

< 








Load immediate to specified register. 

s 

MVOI 

RS.DATA 

2 





[[R71 + 1] — [RS] 

s 

s 








Store contents of specified register in immediate field of MVOI instruction. This is only possible if 









program memory is read/write memory (rather than ROM). 


ADbl 

DATA,RD 

2 

X 

X 

X 

X 

[RD]— tRD] + DATA 









Add immediate to specified register. 

cc 

SUBI 

DATA,RD 

2 

X 

X 

X 

X 

[RD]— [RDl-DATA 

0. 








Subtract immediate data front specified register. 

til 

CMPI 

DATA,RS 

2 

X 

X 

X 

X 

[RD]-DATA 

< 








Compare immediate data with conterits of specified register. Only the status flags are affected. 

Q 

ANOI 

DATA.RD 

2 

X 

X 



[RD]— [RD] ADATA 

s 








AND immediate data with contents of specified register. 

s 

XORI 

DATA.RD 

2 

X 

X 



[RD]— [RD]-VDATA 









Exclusive-OR immediate data with contents of specified register. 


J 

LABEL 

3 





[R7]— LABEL 









Jump to given address. 

& 

JR 

RS 

1 

X 

X 



[R7]— [RS] 









Jump to address contained in specified register. 


JSR 

RB, LABEL 

3 





[RB]— [R7]: [n7] — LABEL 









~ Jump to given address, saving Program Counter in R4, R5. or R6. 


B 

DISP 

2 





[R7]— [R7] + 2+DISP 









Branch relative to Program Counter contents. 

Z z 

Bcond 

DISP 

2 




- 

If cond is true, [ R7]— [ R7] + 2+DISP 

O o 








Branch relative on given condition; otherwise, execute next sequential instruction. 

o = 

BEXT 

DISP.E 

2 





EBCAO-3— E; 

< z 








lfEBCI=1. [R7l— [R7] + 2±DISP 

c o 

ffl u 








Branch relative if external condition is true. 
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Table 16-2. CPI 600 Instruction SefSummary (Continued) 






STATUSES 




OPERAND(S) 






OPERATION PERFORMED 

TYPE 

MNEMONIC 

WORDS 

S 

z 

c 

0 


MOVR 

RS.RD 

1 

X 

X 



[RDl— [RS] 









Move contents of source register to destination register. 

CC Si 

a < 

ADDR 

RS.RD 

1 

X 

X 

X 

X 

[RD]— [RS1+ [RD] 

S2 S 








Add contents of specified registers. 

a a. 
u o 

SUBR 

RS.RD 

1 

X 

X 

X 

X 

[RD]— [RD] - [RS] 

i S 








Subtract contents of source register from those of destination register. 

< 

CMPR 

RS.RD 

1 

X 

X 

X 

X 

[RD] - [RS] 

M UJ 








Compare registers' contents. Only the status flags are affected. 

ui O 

ANDR 

RS.RD 

1 

X 

X 



[RD]— [RD] A [RS] 

“ S 

XORR 

RS.RD 

1 

X 

X 



AND contents of specified registers. 

[RD]— [RD]-V-[RS] 









■ Exclusive-OR contents of specified registers. 


CLRR 

RD 

1 

0 

i 



[RD]— [RD] V [RD] 









Clear specified register. 


TSTR 

RS 

1 

X 

X 



[RS]— [RS] 









Test contents of specified register. 


INCR 

RD 

1 

X 

X 



[RD]— [RD] + 1 

UJ 








Increment contents of specified register. 

< 

CC 

DECR 

RD 

1 

X 

X 



[RD]— [RD]-1 

UJ 

(L 








Decrement contents of specified register. 

o 

COMR 

RD 

1 

X 

X 



[RD]— [RD] 

s 








Complement contents of specified register (ones complement). 


NEGR 

RD 

1 

X 

X 

X 

X 

[RD]— [RD] + 1 

Ul 








Negate contents of specified register (twos complement). 


ADCR 

RD 

1 

X 

X 

X 

X 

[RD]— [RD]+ [C] 


SLL 

RR(,2) 






Add Carry bit to specified register contents. 


1 

X 

X 












[RR] 









Shift logical loft one or two bits.’ clearing bit 0 (and bit 1 if shifting twice). 
















REGISTER OPERATE (CONTINUED) 
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Table 16-2. CPI 600 Instruction Set Summary (Continued) 






STATUSES 

TYPE 

MNEMONIC 

OPERANDIS) 

WORDS 

S Z C 

0 


OPERATION PERFORMED 




Shift logical left one bit into Carry, clearing bit 0. or shift left two bits into Overflow and Carry, 
clearing bits 0 and 1. 



IRR] 


Shift logical right one xjr two bits, clearing bit 15 (and bit 14 if shifting twice). 



Shift arithmetic right one or two bits, copying high order bit. 

















16-22 


Table 16-2. CPI 600 Instruction, Set Summary (Continued) 






STATUSES ... 







OPERATION PERFORMED 

TYPE 

MNEMONIC 

OPERANDIS) 

WORDS 

S Z C O 

u 

PSHR 


■nil 


Separate mnemonics for. MVO® RS,R6. 

< 

(A 

PULR 

■■ 

n 


Separate mnemonics for MVI@R6,RD. 


SIN 

(2) 



pciT — i_r 






Software interrupt. 


EIS 




Enable interrupt syetem. 

& 

DIS 




Disable interrupt system. 

ce 

TCI 




Terminate current interrupt. 

Ui 

JE 

LABEL 



Jump to given address and enable interrupt system. 

z 

JO 

LABEL 



Jump to given address and disable interrupt system. 


JSRE 

RB.LABEL 



Jump to given address, saving Program Counter in R4. R5 or R6, and enable interrupt system. 


JSRD 

RB.LABEL 

H 


Jump to given address, saving Program Counter in R4, R5 or R6, and disable interrupt system. 


GSWD 

RD 

1 

■ 

[RD<;15,12>1— [SW]; [RD<7,4>]— [SW] 






Place Status Word in upper half of each byte of therspecified register. RD may be RO, R1, R2 or. 

R3. 

3 

RSWD 

RS 

1 

XXX X 

[SW]~[RS<7,4>] 

H 

< 





Load Status Word from bits 7 through 4 of the specified register. 

H 

03 

CLRC 


1 

0 

[C]*-0 






Clear Carry. 


SETC 


1 

1 

[Cl-1 






Set Carry. 


NOPP 




No Operation. 


NOP 

(2) 





HLT 




Halt after executing next instruction. 


SDBD 




Set double byte data mode for next instruction, which must be of one of the following types: 

■ 



■ 


Primary or secondary I/O or memory reference >■ 

Immediate or immediate operate 

II 



1 


If implied addressing through R1, R2, or R3 is used, the same byte will be accessed twice; address- 
ing through R4, R5, or R7 will give bytes from the addressed location and that addressed after 
auto-increment. Direct addressing and Stack addressing are not allowed in double byte mode. 

























Table 16-3. CP1600 Branch Conditions and Corresponding Codes 


Q 

UJ 

H 

< 

oe 

o 

a. 

EC 

o 

u 

z 


(0 


8 


lU 

z 

EC 

o 

m 

U) 

o 


< 

o 

< 


MNEMONIC 

BRANCH CONDITION 

OBJECT CODE 

DESIGNATION 

c 

C = 1 

(XX)1 

LOT 

Carry 

(logical greater than) 


NC 

C =0 

1001 

UT 

No Carry 
(logical lesa than) 


OV 

0 = 1 

Overflow 

0010 

NOV 

0 = 0 

No overflow 

1010 

PL 

S=0 

Plus 

0011 

Ml 

S = 1 

Minus 

1011 

ZE 

Z = 1 

0100 

EQ 

Zero (equal) 


NZE 

Z = 0 

1100 

NEQ 

Notuero (not equal) 


LT 

SVO = 1 

Less than 

0101 

GE 

svo=o 

Greater than or equal 

1101 

LE 

ZV(SV0)= 1 
(jess than or equal 

0110 

GT 

ZV(SVO) = 0 

Greater than 

1110 

use 

CVS = 1 

Unequal sign and carry 

0111 

ESC 

CVS =0 

1111 


Equal sign and carry 



The following notation is used in Table 16-4: 

Where ten digits are shown, they are the ten low-order bits of a 10 to 16-bit word. (Word size depends on the system 
implementation.) Where four digits are shown, they represent the hexadecimal notation for an entire word (10 to 16 
bits). 

bb Two bits indicating one of the first three general purpose registers 

cccc Four bits giving the branch condition, as shown in Table 16-3 

ddd Three bits indicating a destination register, RD 

eeee Four bits giving the external branch condition, E 

INI One word of immediate data 

mmm Three bits indicating a Data Counter Register RM 

m One bit indicating the number of rotates or shifts: 

0 one bit position 

1 two bit positions, 

p One bit of irnmediate address 

P One hexadecimal digit (4 bits) of immediate address 

rr Tvvo bits indicating one of the first four general purpose registers 

sss Three bits indicating a source register, RS 
z Sign of the displacement: 

0 add the displacement to PC contents 

1 subtract the displacement from PC contents 

In the "Machine Cycles" column, when two numbers are given with one slash between them (e.g., 7/9), execution time 
depends on whether or not a branch is taken. When two numbers are given, separated by two slashes (such as 8//1 1), 
execution time depends on which register contains the implied address. 
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Table 16-4. CPI 600 Instruction Set Object Codes 


INSTRUCTION 

OBJECT CODE 

WORDS 

MACHINE 

CYCLES 


INSTRUCTION 

OBJECT CODE 

WORDS 

MACHINE 

CYCLES 

ADCR RD 

OOOOIOIddd 

1 

6 


MVII DATA.RD 

10101 llddd 

2 

8 

ADD ADDR,RD 

lOIICXWddd 

2 

10 



nil 




PPPP 




MVO RS.ADDR 

lOOIOOOsss 

2 

11 

ADD® RM,RD 

lOUmmmddd 

1 

8//11 



PPPP 



ADDI DATA.RD 

lOmilddd 

2 

8 


MVO® RS.RM 

lOOImmmsss 

1 

9 


nil 




MVOI RS.DATA 

lOOmisss 

2 

9 

ADDR RS.RD 

001 isssddd 

1 

6 



nil 



AND ADDR.RD 

mCfOOOddd 

2 

10 


NEGR RD 

OOOOIOOddd 

1 

6 


PPPP .. 




NOP (2) 

000011010m 

1 

6 

AND® RM,RD 

1 1 lOmmmddd 

1 

8// 11 


NOPP 

lOOOzOIOOO 

2 

7 

ANDI DATA.RD 

mOlllddd 

2 

8 



PPPP 




INI . 




PSHR RS 

loomosss 

1 

9 

ANDR RS.RD 

OllOsssddd 

1 

6 


PULR RD 

10101 lOddd 

1 

11 

B DISP 

lOOOzOOOOO 

2 

7/9 


RLC RR(.2) 

OOOIOIOmrr 

1 

6/8 


PPPP 




RRC RR(.2) 

OOOIIIOmrr 

1 

6/8 

Bcond DISP 

lOOOzOcccc 

2 

7/9 


RSWD RS 

00001 llsss 

1 

6 


PPPP 




SAR RR(.2) 

OOOIIOImrr 

1 

6/a 

BEXT DISP.E 

lOOOzleeee 

2 

7/9 


SARC RR(.2) 

OOOinimrr 

1 

6/8 


PPPP 




SDBD 

0001 

1 

4 

CLRC • 

0006 

1 

4 


SETC 

0007 

1 

4 
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1 

6 


SIN (2) 
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1 

6 

CMP ADDR.RS 

IIOIOOOsss 

2 

10 


SLL RR(.2) 
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1 
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1 
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1 
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OOOIIOOmrr 

1 

6/8 
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1101111SSS 

2 

8 


SUB ADDR.RD 

llOOOOOddd 

2 

10 
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OlOlsssddd 

i 

6 


SUB® RM.RD 

1 lOOmmmddd 

1 
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COMR RD 

OOOOOIIddd 

1 

6 


SUBT DATA.RD 

11001 llddd 

2 

8 

DECR RD 

00000 lOddd 

1 

§ 



nil 



DIS 

0003 

1 

4 


SUBR RS.RD 

OlOOsssddd 

1 

6 

EIS 

0002 

i 

4 


SWAP RR(.2) 

OOOIOOOnrr 

1 

6/8 

GSWD RR 

00001 lOOrr 

1 

6 


TCI 

0005 

1 

4 

HLT 

0000 

1 

4 


TSTR RS 

OOlOssssss 

1 

6//7 

INCR.RD 

0000001 ddd 

1 

6 


XOR ADDR.RD 

nnOOOddd 

2 

10 
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0004 

3 

12 



PPPP 
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XOR® RM.RD 
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1 
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XORI DATA.RD 

lllllllddd 

2 

8 
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3 

12 



nil 
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XORR RS.RD 

01 1 Isssddd 
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3 
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JR RS • 

OOlOssslll 

1 

7 




JSR RB.LABEL 

0004 

3 
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MOVR RS.RD 

OOlOsssddd 

1 
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MVI ADDR.RD 

lOIOOOOddd 
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MVI- RM.RD 

lOIOmmmddd 

1 
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THE BENCHMARK PROGRAM 


For the CPI 600 our benchmark program may be illustrated as follows: 

LOAD THE I/O BUFFER STARTING ADDRESS INTO R4 
LOAD THE TABLE STARTING ADDRESS INTO R1 
LOAD ADDRESS OF FIRST FREE TABLE WORD INTO R5 
LOAD WORD COUNT INTO R2 
LOOP MVI@ R4,R0 LOAD NEXT DATA WORD FROM lOBUF 

STORE IN NEXT TABLE WORD 
DECREMENT WORD COUNT 
RETURN IF NOT END 

RETURN ADDRESS OF NEXT FREE TABLE BYTE 


MVII 

lOBUF, R4 

MVII 

TABLE,R1 

MVI® 

R1,R5 

MVII 

CNT,R2 

MVI® 

R4,R0 

MVO® 

R0,R5 

DECR 

R2 

BNZE 

LOOP 

MVO® 

R5,R1 


This benchmark program makes very few assumptions. The input table lOBUF and the data table TABLE can have any 
length, and can reside anywhere in memory. The address of the first free word in TABLE is stored in the first word of the 


TABLE. 
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SUPPORT DEVICES THAT MAY BE USED WITH THE CPI 600 


A CPI 600 microcomputer system with any significant capabilities will use support devices of some other 
microprocessor. Parallel I/O capability is available with the CP1680, (described next)„but priority interrupt logic, DMA 
logic, and serial I/O logic, to mention just a few common options, may need additional support devices. Fortunately, it 

is quite easy to generate an 8080A-compatible system bus from the CP1600 system bus. Logic is illustrated in 
Figure 16-11. 

The CP1600A is the fastest version of the CPI 600 CPU: it runs with a 500 nanosecond machine cycle. The CPI 600 
machine cycle is equivalent to an 8080A clock period. Since the standard 8080A clock period is also 500 nanoseconds, 
no speed conflicts will arise. 

The bus-to-bus interface logic illustrated in Figure 1 6-1 1 is self-evident, with the exception of bus demultiplexing logic. 
The CPI 600 Data/Address Bus is shown buffered by a demultiplexing buffer that is connected to two latched buffers. 
One of the latched buffers accepts the demultiplexer outputs only when a valid address is being output, as identified by 
BAR high. The second latched buffer may be a bidirectional latched buffer, or it may be two unidirectional latched 
buffers. Three latching strobes are required: DTB, lAB, and DWS. 

DTB and lAB are data input strobes. DTB strobes data input that is to be interpreted as data, while lAB stroves data in- 
put that is to be interpreted as an address. So far as external logic is concerned, both of these signals are simple data in- 
put strobes. We could therefore generate a single data input strobe as the OR of DTB and lAB. When this data input 
strobe is high, information on the 8080A System Bus side of the latched data buffer must be input to the buffer: this 
data must simultaneously be transmitted to the multiplexer. 

DWS is the data output strobe. When high, this signal must strobe data from the multiplexer to the latched data buffer: 
this latched data must immediately appear at the 8080A System Bus side of the latched data buffer. 

Since the CPI 600 uses a 1 6-bit Data Bus, you will probably have to generate two external device data busses: a high- 
order byte bus and a low-order byte bus. All external devices that transmit or receive parallel data must be present in 
duplicate. For example, were 8255 parallel interface devices to be present, the following connections would be re- 
quired: 
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The CPI 600 and MC6800 system busses are singularly incompatible. You should not attempt to use MC6800 support 
devices with the CPI 600. 



Pin Name 

Description 

Type 

DO - D7 

CPU Data/Address Bus 

Bidirectional, tristate 

PDO - PD15 

Peripheral I/O Port 

Bidirectional 

BDIR, BC1, BC2 

Bus Control signals 

Input 

CK1 

Clock signal 

Input 

ZE 

Chip Enable 

Input 

PE 

I/O handshake control 

Output 

AR 

I/O handshake control 

Input 

INTRQ 

Interrupt request 

Output 

TCI 

Terminate current interrupt 

Input 

IMSKI 

Daisy chain priority 

Input 

IMSKO 

Daisy chain priority 

Output 

ERROR 

Error interrupt request 

Input 

PCLR 

Reset 

Input 

Vcc- Yqq, GND 

Power, Ground 



Figure 16-12. CPI 680 lOB Signals and Pin Assignments 
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Figure 16-13. A CP1600-CP1680 Microcomputer Configuration 






THE CPI 680 INPUT/OUTPUT BUFFER (lOB) 

The CP1680 lOB is a parallel I/O device designed specifically for the CP1600 CPU. This device provides a single 
16-bit parallel I/O port, which may optionally be configured as two 8-bit I/O ports. Primitive handshaking control 
signals are available with the parallel I/O logic. Elementary interval timer and prioritized interrupt logic is also 
provided. 

Figure 16-1 also illustrates that part of our general microcomputer system logic which has been implemented on 
the CPI 680 lOB. 

The CPI 600 lOB is packaged as a 40-pin DIP. It requires two power supplies, -t-BV and -t-1 2V. All inputs are TTL com- 
patible. The device is implemented using N-channel MOS technology. 

Figure 16-13 illustrates a CPI 600 microcomputer system with three CPI 680 lOB devices In the configuration. 

CP1 680 lOB PINS AND SIGNALS 

The CPI 680 lOB pins and signals are illustrated in Figure 16-12. We will summarize these signals and the func- 
tions they serve before examining device operations in detail. 

Let us begin by looking at the interface between the CP1680 lOB and the CP1600 CPU. 

DO - D7 provide an 8-bit parallel Data/Address Bus via which all communications between the CPU and lOB oc- 
cur. This bus must connect to the low-order eight bits of the 16-bit CPU Data/Address Bus. 

The three bus control signals, BC1, BC2, and BDIR, connect the CPI 680 to the CPI 600 as illustrated in Figure 
16-13. The CPI 680 lOB decodes these three bus control signals internally. 

A clock input is required by the CPI 680. This clock input (CK1) is used by internal logic to determine when BC1, 
BC2, and BDIR are valid. CK1 must have the following wave form: 


t I I 
T1 I T2 I T3 I T4 
III 


T1 I T2 I T3 I T4 
I I I 


<I>1 


( 1)2 


CK1 


\b\_j\WA_ 
1 / 




CK1 must be derived from the CPI 600 clock signals by external logic. 

Let us now look at the interface between external logic and the CP 1680 lOB. 

PDO - PD15 provide a 16-bit parallel I/O port which can optionally be configured as 
two 8-bit I/O ports. While PDO - PD1 5 are in theory bidirectional, these pins are more ac- 
curately described as pseudo-bidirectional. This is because when a zero has been written 
to one of these pins, the output can sink 1.6 mA for an output voltage of -f-O.BV. External 
logic will have a hard time overcoming this sink in order to pull the pin high. In contrast, when a 1 is written to one of 
these pins, the output sources just 1 00/xA at -PBV. External logic will have little problem sinking 1 00/aA in order to pull 
a pin low. Therefore, you should output a 1 to any pin that is subsequently to receive input data. External logic will then 
leave the pin high when inputting 1, while pulling the pin low to input 0. 

The handshaking control signals which link the CPI 680 lOB with external logic are PE and AR. PE is a control signal 
which is output by the CPI 680, and AR is a control signal which is input to the CPI 680. 

Now consider CPI 680 interrupt signals. 

An interrupt request is transmitted to the C PI 60 0 CPU via INTRQ. The CPU acknowledges the interrupt via the 
INTAK combination of BDIR, BC1 , and BC2. TCI must be output low by the C PU at the end of the interrupt ser- 
vice routine. This signal is required by CPI 680 interrupt logic, which uses the low TCI pulse in its priority arbitration, 
as described later in this chapter. 


CPI 600 I/O 
PORT PIN 

CHARACTERISTICS 
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Interrupts may be generated by conditions internal to the CPI 680, or by a low input at ERROR. The ERROR input is 
reserved for error conditions detected by external logic. 

IMSKI and IMSKO are interrupt priority input and interrupt priority output signais, respectively. These signals are 
used to generate daisy chain interrupt priorities between CP1680.IOB devices, as illustrated in Figure 16-13. We will 
describe CPI 680 interrupt priorities in more detail later in this chapter. 

MCLR is the master reset control input for the CPI 680. This signal must be input low for at least 1 0 milliseconds in 
order to reset the CP 1680 lOB. 


CP1680 ADDRESSABLE REGISTERS 

The CPI 680 has eight addressable locations, which may be illustrated as follows: 



These eight addressable locations are all 8-bit registers; they are addressed using the first eight addresses in a 256-ad- 


dress block, as follows: 

Register Address 

Control 0 

Data buffer, low-order byte 1 

Data buffer, high-order byte 2 

Timer, low-order byte 3 

Timer, high-order byte 4 

I/O intefrupt vector 5 

Timer interrupt vector 6 

Error interrupt vector 7 
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The actual 256 addresses will be identified by the eight high-order CP I 60 0 Data/Address Bus lines, which will be used 
to create CPI 680 device select logic. This device select logic creates CE (thb chip enable signal): it may be illustrated 
as follows: 



DO 

• 

D7 

D8 

• 

D* 5 


xxxxxxxx 


OOOOOY Y Y 


Valid CP 1680 addresses 



May be 000, 001, 010, Oil, 100, 101, 110, 111 


May have any 8-bit pattern that device select logic 
has been designed to create CE low in response to. 



THE CPI 680 CONTROL REGISTER 

We will summarize the individual bits of the CPI 680 control register before describing the operations they control. 

Here are CP1680 Control register bit assignments: 


7 6 5 



2 1 


-Bit No. 



CPI 680 Control register 


0 - Parallel I/O active 

1 - Parallel I/O inactive 


This is called the 
Rea dy bit. 
PE=Ready 


ERROR input signal level held here 


0 - PD0-PD15 configured as two 8-bit ports 

1 - PD0-PD15 configured as one 16-bit port 

0 - Disable parallel I/O and Error interrupts 

1 - Enable parallel I/O and Error interrupts 


0 - Disable timer interrupts 

1 - Enable timer interrupts 

P - Disable clock logic 
1 - Enable clock logic 

Parity of D8-D15 byte q = even parity 

Parity of D0-D7 byte ; ^ parity 
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Bit 0 is always the complement of the PE control output. This bit may be interrogated by the CPU. If parallel data 
transfer interrupts are disabled, this allows the CPU to poll on status when monitoring parallel data transfers. PE signal 
levels are illustrated in Figures 16-14 and 16-15. 

Bit 1 reflects the level of the ERROR input. If parallel data transfer interrupt logic is disabled, then the Error interrupt 
logic is also disabled. Thus, the CPU must also examine the Error status bit when polling the CPI 680. 

Bit 2 determines whether PDO - PD15 will act as a single 16-bit I/O port, or as two 8-bit I/O ports. This is only important 
when outputting data. 

Control register bits 3 and 4 are used to enable and disable parallel data transfer and Error interrupt logic, and timer in- 
terrupt logic. 

Control register bit 5 is used to enable and disable CP1680 interval timer logic. If this bit is 0, the interval timer will not 
decrement. 

Bits 6 and 7 report the parity of the high-order byte and low-order byte for data that is input or output via PDO - PD1 5. 0 
indicates even parity while 1 indicates odd parity. 

All Control register bits may be written into or read. You should be very careful when setting or resetting iiidividual bits 
not to simultaneously modify other Control register bits. This means you should use a three-instruction sequence with 
an AND or OR mask to set or reset any Control register bit. For details see Volume 1. Basic Concepts. 

CP1 680 DATA Transfer OPERATIONS 

The CPU inputs and outputs data via the CPI 680 lOB by executing MVI and MVO instructions, respectively. 

The CPU must access the CPI 680 in byte mode, since an 8-bit Data/Address Bus (DO - D7) connects the CPU and the 
CPI 680 lOB. Whether the I/O port PDO - PD1 5 is configured as a single 1 6-bit port or as two 8-bit ports has no bearing 
on the fact that the CPU must access the CPI 680 in byte mode. 

The most efficient way of accessing the CPI 680 is by using the SDBD instruction with implied memory ad- 
dressing. Consider data input If PDO - PD15 is configured as two 8-bit I/O ports and you wish to access just one of 
these I/O ports, then you can use implied memory addressing via R1 , R2, or R3. We may illustrate input from the high- 
order byte of I/O Port PD8 - PD15 as follows: 
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If PDO - PD1 5 are configured as two 8-bit I/O ports or;as a single 1 6-bit I/O port, and you want to read both I/O ports, 
then you should use the SDBD instruction with implied memory addressing via R4 or R5. This may be illustrated as 
follows: ; 



Control register bit 2 configures PDO - PD15 as a single 16-bit I/O port or as two 8-bit I/O ports. 

Given the fact that MVI and MVO instructions (in byte mode) should be used to access the CPI 680, when should these 
accesses occur? 

The answer is that the PE and ^Wsignals control event sequences. 

Consider parallel data input, as illustrated in Figure 16-14. 


When the CPU is ready to input data in resets the 
Control register READY bit low. This forces the PE 



Figure 16-14. PD1680 Handshaking with Data Input 
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When the CPU is ready to receive data, it resets Control register bit 0 to 0: this forces the PE control signal high. 

When external logic senses PE high, it must transmit data to the PDO - PD15 I/O port. At this point it makes no 
difference whether pins have been configured as two 8-bit ports or as a single 16-bit port. External logic will pull to 
ground selected high pins, while leaving other high pins alone. When external logic has completed data input, it sig- 
nals the fact by inputting AR low. It is the high-to-low transition of the^ control input which indicates the presence of 
new data for the CPU to read. When ^ makes its high-to-low transition, PE also makes a high-t o-low t ransition, and 
Control register bit 0 is set to 1 . If interrupts have been enabled , then an interrupt is requested via INTRU. Figure 1 6-1 4 
assumes that interrupts have been enabled; therefore INTRO is shown making a high-to-low transition. 

The CPU will acknowledge the interrupt request, as described earlier in this chapter, by outputting INTAK via BC1, 
BC2, and BDIR. Logic internal to the CPI 680 uses INTAK to reset INTRQ high again. 

There are many ways in which external logic can determine when to set AR high again. In Figure 1 6-1 4 we show exter- 
nal logic using PE to set^FT high. Clearly, when PE makes a low-to-high transition, the CPU must have acknowledged 
AR low; therefore external logic can now set AR high. Now that ARis high again, external logic can input new data. An 
alternative scheme would be for external logic to constantly hold AR low, using the level of the PE output to determine 
when new data could be transmitted. When PE is high, external logic will transmit new data to the CPI 680 once. As 
soon as it transmits new data, external logic will strobe the data with a short, high AR pulse, then wait for PE to go low 
and high again before inputting more data. This may be illustrated as follows: 


pe_y- 

a 

CPU ready 
for input 

Data output handshaking is 



Figure 16-15. PD1680 Handshaking for Data Output 



data again data 

for input 

illustrated in Figure 16-15. 
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The most important point to note is that there is no control bit which specifies data input mode or data output 
mode. Thus, the signal sequences we described for data input and those we are about to describe for data out- 
put occur automatically; the input or output mode is purely a function of CPU and external logic interpretation. 

Whenever the CPU outputs data to the PD1 680. the arrival of data forces PE output high. If PDO - PD1 5 has been con- 
figured as two 8-bit ports, then the arrival of a single data byte to either port will cause PE to be output high. If PDO - 
PD15 is configured as a single 16-bit I/O port, then PD will not be output high until two bytes of data have been 
received from the CPU by the PD1680. 

Once PE is output high, nothing more happens until external logic responds. External logic cannot tell by the simple in- 
spection of any control signals whether a data input operation or a data output operation is in progress. It is up to you, 
when designing your system, to dedicate CPI 680 devices to input or output; or you must generate your own identifica- 
tion logic in the event that a CPI 680 lOB is bidirectional. In Figure 16-15 we simply assume that external logic knows 
data is to be read, and knows whether the data is 1 6 bits or 8 bits wide. Furthermore, if the data is 8 bits wide, external 
logic must know which 8 bits to read. In any event, when external logic has completed its undefined operations, it must 
input ^ lo w. The h igh-to-low transition of AR forces PE low again, and if interrupts are enabled, an interrupt will be re- 
quested via INTRQ. When the CPU ac knowle dges the interrupt by outputting INTAK via BC1, BC2, and BDiP, the 
PD1680 uses the INTAK pulse to reset INTRQ high. 

The inethod used by external logic to reset AR high again is undefined. In Figure 1 6-15, we show PE going high as the 
trigger which external logic uses to reset AR high. This is clearly a viable scheme; PE will not go high again until fresh 
data has been output, at which point it is safe to ass ume that the CPU knows prior data has been read by external logic. 
It would be equally viable for external logic to hold AR continuously low, transmitting a short, high pulse whenever it 
reads data. This may be illustrated as follows: 



Because there are no control signals which identify the PD1680 operating in input mode or output mode, there 
is no straightforward scheme for handling bidirectional data transfers with a single PD1680 device. 

THE CPI 680 INTERVAL TIMER 

The CPI 680 has very elementary interval timer logic. A 1 6-bit Timer register, addressed- as two separate 8-bit loca- 
tions, decrements once every eight CK1 pulses, providing the timer has been enabled. You enable and disable timer 
logic via Control register bit 5. As a separate event, timer interrupts may be disabled via Control register bit 4. If timer 
interrupts are enabled, then when the timer decrements to 0, an interrupt request will occur. (Timer interrupt logic is 
described with other CP1680 interrupt logic later in this chapter.) If timer interrupts are not enabled, then the timer it- 
self is effectively disabled, since you cannot test any timer status flag to see if the timer timed out: nor can you ac- 
curately read the contents of the Timer registers on the fly. since there is no protection against reading timer contents 
while it is in the process of being decremented. 

The only timer programmable option you have is to load an initial value before the timer is enabled. The timer 
has no buffer; therefore, once it times out it begins decrementing again, if still enabled, beginning with the 
value FFFF‘ 10 . This may be illustrated as follows; 


Timo int«»r\/»lc 



Load Time out. Time out. Time out. 

Timer Restart Restart Restart 

starting 

value XXXX 

and start 

Timer 
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The only accurate long time intervals you can compute are exact multiples of FFFFis * 8 * CK1. 

The CP1600A uses a 4MHz two-phase clock, which generates a 500 nanosecond cycle time. Thus, CK1 equals 500 
nanoseconds, and long CP1600A time intervals must be an exact multiple of 262.144 milliseconds — the time it will 
take for the counter to decrement from FFFF 10 to 0000. 

The CPI 600 uses a 3.3MHz two-phase clock, which generates a 600 nanosecond cycle time; therefore, long time inter- 
vals must be exact multiples of 314.572 milliseconds. 

The CP1610, which runs on a 2MHz two-phase clock and has a one microsecond cycle time, will compute long time in- 
tervals that are exact multiples of 524.288 milliseconds. 

You cannot attempt to generate clock periods that are multiples of shorter time intervals by loading some initial value 
into the timer following each time out: an unknown amount of time will elapse between the interval timer interrupt oc- 
curring and being acknowledged. The length of this unknown period of time will depend on the number of non-inter- 
ruptable instructions which may be executing in sequence when the interrupt request first occurs, plus any higher 
priority interrupts which may exist. Therefore, if you load an initial value into the timer, it should be to compute an isol- 
ated time interval only. Here is an appropriate instruction sequence: 


MVI 

lOB.RO 

ANDl 

CFH.RO 

MVO 

RO.lOB 

MVll 

2AH,R0 

MVO 

RO,IOB-F3 

MVll 

34H.R0 

MVO 

RO,JOB-f4 

MVI 

lOB.RO 

ADDI 

30H,R0 

MVO 

RO.lOB 


INPUT CONTROL REGISTER CONTENTS 
ZERO BITS 4 AND 5 
RETURN TO CONTROL REGISTER 
TRANSMIT LOW-ORDER TIMER 
INITIAL BYTE 

TRANSMIT HIGH-ORDER TIMER 
INITIAL BYTE 

LOAD PRIOR CONTROL REGISTER CONTENTS 
SET BITS 4 AND 5 
START TIMER 


The instruction sequence above begins with three instructions that load the CPI 680 Control register contents into 
Register RO. Bits 4 and 5 are zerod, then the result is returned to the Control register. Thus, the timer and timer inter- 
rupts are disabled. We do not bother with an SDBD instruction. Since the data source is eight bits wide, only the low- 
order byte of Register RO will be significant. This being the case, we can use an 8-bit immediate AND mask to modify 
Register RO contents before returning the low-order byte to the Control register. 

Next, we load the initial timer value, one byte at a time, into Register RO. Each byte is written out to the appropriate half 
of the Control register. Once again we do not need to use the SDBD instruction. Since an 8-bit data path connects the 
CPU to the 1680 lOB, only the low-order byte of Register RO will be significant during the data output. 

Finally, we start the timer by loading Control register contents into Register RO, setting bits 4 and 5 to 1 and writing 
back the result. 

When you write into the Timer registers, you clear any timer interrupt requests which may at that time be pending. 

CPI 680 INTERRUPT LOGIC 

A CP1680 lOB will generate an interrupt request by outputting a low signal at IIMTRQ if any one of these three 
conditions occurs: 

1) A low input at ERROR. External logic can request an interrupt via the CP1680 using the ERROR input. 

2) The AR handshaking control input makes a high-to-low transition. This is illustrated in Figures 16-14 and 16-15. 

3) The Interval Timer decrements from 1 to 0. 

Recall that there are two separate interrupt enable/disable control 1^ in the Control regi ster. On e control bit applies to 
the Interval Timer, while the other control bit applies to both the AR handshaking and ERROR interrupts. 

Interrupt priorities among the three sources within a single CP1680 lOB are as follows: 

ERR OR highest 
AR handshaking 
Timer lowest 

When more than one CPI 680 lOB is present in a CPI 600 microcomputer system, then daisy chain priority is im- 
plemented using the MSKI input signal and the MSKO output signal. Signal connections are illustrated in Figure 
16-13. The manner in which interrupt priorities are handled by the CPI 680 is a little unusual. 

Two or mo re CP 168 0 devices may combine their interrupt request signals, which are wired ORed and input to the 
CP1600 via INTRO. The CP1600 acknowledges an interrupt via the INTAK combination of BC1, BC2, and BDIR. We de- 
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scribed this process earlier in the chapter. All CPI 680 devices simultaneously receive the INTAK combination: 
however, a CPI 680 which is acknowledged raises its IMSKO signal high, causing it to becorne the IMSKI input to the 
next CPI 680 in the daisy chain. Any device that receives a high IMSKI input ignores the interrupt acknowledge. Thus, 
only the highest priority, interrupt requesting CPI 680 device in the daisy chain will process the interrupt acknowledge. 
However, it takes a finite amount of time for IMSKO high signals to propagate as IMSKI signals, and thus ripple through 
the daisy chain. Consequently, a maximum of eight CP1680 devices may be present in the daisy chain. A ninth device 
will receive its IMSKI high signal too late and will respond to an interrupt acknowledge. 

CPI 680 lOB devices maintain their interrupt priority status until they receive a high TCI pulse. At that time, prior inter- 
rupt priorities are reset at all devices, and new priority arbitration begi ns. T hus, when using CPI 680 lOB devices, you 
are required to end all interrupt service routines by executing a TCI instruction. 

Note that if one CPI 680 lOB has more than one active interrupt request (for example, an ERROR interrupt request and a 
timer interrupt request), then this internal interrupt priority will take precedence over the daisy chain interrupt priority. 
That is to say, the ERROR interrupt request will be acknowledged and serviced first. After the next TCI instruction is ex- 
ecuted, the timer interrupt request will be serviced before any interrupt request from a lower priority CP1680 device is 
acknowledged. 

Every CPI 680 device has three 8-bit Interrupt Vector registers, one dedicated to each of the three interrupt 
sources. These three Interrupt Vector registers were illustrated earlier in the chapter. Following an interrupt 
acknowledge, when the lAB combination appears at BC1, BC2, and BDIR, the contents of the Interrupt Vector 
register for the highest priority active interrupt will be returned to the CPU. Interrupt acknowledge timing is il- 
lustrated in Figure 16-9. At the interrupt service location a Jump-to-Subroutine instruction will probably be stored. 
Since the Jump-to-Subroutine object code is three words long, a maximum of 85 interrupts can be origined in the first 
256 words of memory. This is more than sufficient, since only eight CPI 680 devices with 24 interrupts can be sup- 
ported in a single daisy chain. 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 

• CPI 600 CPU 
. CP1600A CPU 
.CP1610CPU 
. lOB 1680 I/O Buffer 
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CP1600-CP1600A-CP1610 


BUS TIMING DIAGRAM 


!tSI !tS 2 jIS3 jlS4 jrsi ItSZ lTS3lTS4lrSI jia ItSS jTS4j TSI jisz jlSS jmjTSI '[TS2 jTa|lS4{TSI jia j 


JS CONTROL ~T^ B*R X//X NACT 


N*CT e*R 


OUTPUT INPUT 

PROGRAM COUNTER BEXT INSTRUaiON 


OUTPUT PC+I TO 
FETCH DISPLACEMENT 


-^'de 


CHANGING DIRECTION 


TYPICAL INSTRUCTION SEQUENCE 


[STABLE AS LONG AS ADDRESS IS STABLE 


VAUD INPUT 
THROUGHOUT TSI 


TSI . , TS2 , I TS3 , , TS4 , , TSI , , TS2 , , TS3 , , TS4 , , TSI , , TS2 , , TS3 , , TS4 , , TSI 


*80 p- 


BUS BUS BUS 

CHANGING FROM OUTPUT CHANGING FROM 

FLOAT MODE TO VALID OUTPUT NODE TO 

OUTPUT NOOE FLOAT NODE 
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INSTRUCTIDN 

OR data 
operand 


BRANCH ON EXTERNAL CONDITION INSTRUCTION 


Data sheets on pages 1 6-D2 through 1 6-D6 reprinted by permission of General Instrument Corporation. 
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CPI 600 

ELECTRICAL CHARACTERISTICS (CP1600) 


Maximum Ratings* 

VoD, Vcc, GND and all other input/output voltages 

with respect to Vbb -0.37 to +18.07 

Storage T emperature -55“ C to +150“ C 

Operating Temperature 0“C to +70“C 

Standard Conditions: (unless otherwise noted) 


‘Exceeding these ratings could cause 
permanent damage to these devices. 
Functional operation at these conditions is 
not implied— operating conditions are 
specified below. 


7dd=+127±5%. 70mA(typ) , 110mA(max.) 7bb= -37±10%. 0.2mA(typ) , 2mA(max.) 
7cc=+57±5%. 12mA(typ) , 25mA{max.) Operating Temperature (Ta)= 0“C to +70“C 


Characteristic 


DC CHARACTERISTICS 
Clock Inputs 

High 

Low 

Logic Inputs 
Low 

High (All Lines except BDRDY) 
High (Bus Data Ready Line 
See Note) 

Logic Outputs 

High 

Low (Data Bus Lines DO-D15) 
Low (Bus Control Lines, 
BC1,BC2.BDIR) 

Low (All Others) 


AC CHARACTERISTICS 
Clock Pulse Inputs, <^>^ or <^2 
Pulse Width 

Skew (<f>1, <^2 delay) 

Clo'ck Period 
Rise & Fall Times 
Master SYNC: 

Delay from 0 
□0*015 Bus Signals 
Output delay from 01 
(float to output) 

Output delay from 02 
(output to float) 

Input setup time before 01 
Input hold time after 01 
Bus Control Signals 
BC1,BC2,BOIR 
Output delay from 01 

BUSAK Output delay from 01 
TCI Output delay from 01 
TCI Pulse Width 
EBCA output delay from BEXT 
input 

EBCA wait time for EBCI input 


CAPACITANCE 

01, 02 Clock Input capacitance 
Input Capacitance 
DO-D15 
All Other 

Output Capacitance 

DO-D15 in high impedance state 













120 ns 1 TTL Load & 25 pF 



120 


ns 

ns 

ns 


150 

400 

ns 

ns 

30 

pF 

12 

pF 

10 

pF 

15 

pF 


TA = +25“C: 7dd = +127; 7cc = +57; 
7bb = -37; t 0i t 02 = 120ns 


"Typical values are at +25“C and nominal voltages. 

NOTE: 

The Bus Data ReaDY(BDRDY) line is sampled during time period TSI after a BAR or ADAR bus control signal. BDRDY must 
go low requesting a wait State 50 ns before the end of TSI and remain low for 50 ns minimum. BDRDY may go high 
asynchronously. In response to BDRDY, the CPU will extend bus cycles by adding additional microcycles up to a maximum 
of 40 /isec duration. 
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CP1600A 


ELECTRICAL CHARACTERISTICS (CP1600A) 


Maximum Ratings* 

Vdd. Vcc. GND and all other input/output voltages 

with respect to Vbb -0.3V to +18.0V 

Storage Temperature . .-55° C to +150*0 

Operating Temperature 0°C to +70° C 


'Exceeding these ratings couid cause 
permanent damage to these devices. 
Functional operation at these conditions is 
not implied— operating conditions are 
specified below. 


Standard Conditions: (unless otherwise noted) 

Vdd=+12V±5%, 70mA(typ) , 140mA(max.) Vbb= -3V±10%, 0.2mA(typ) , 2mA(max.) 
Vcc=+5V±5%, 12mA(typ) , 25mA(max.) Operating Temperature (Ta)= 0°C to +70°C 


Characteristic 

Sym 

Min 


Max 

Units 

Conditions 

DC CHARACTERISTICS 








Clock Inputs 

High 

V.HC 

10.4 


B 

V 



Low 

Logic Inputs 

Vac 

0 

_ 

BH 

V 



Low 

Va 

0 

- 

0.65 




High (All Lines except BDRDY) 
High (Bus Data Ready Line 

V.H 

2.4 

- 

Vcc 

m 



See Note) 

Logic Outputs 

VlHB 

3.0 

~ 

Vcc 

H 



High 

VoH 

2.4 

Vcc 


V 

loH = lOO/iA 

Low (Data Bus Lines DO-D15) 

VoL 

- 


0.5 

V 

loL= 1.6mA 

Low (Bus Control Lines, 








BC1,BC2,BDIR) 

VoL 

- 


0.45 

V 

loL = 2.0mA 

Low (All Others) 

VoL 

- , 

B 

0.45 

V 

loL “ 1 .6mA 

AC CHARACTERISTICS 

Clock Pulse Inputs, <f>1 or <t>2 

Pulse Width 

t02, t02 

95 



ns 



Skew (4)1, <f>2 delay) 

tl2, ‘21 

0 

- 

- 

ns 



Clo’ck Period 

•cy 

0.25 

- 

2.0 

fs 



Rise & Fall Times 

tr. tf 

- 

- 

15 

ns 



Master SYNC; 

Delay from <#> 

tms 



30 

ns 



DO-D15 Bus Signals 

Output delay from <#>1 








(float to output) 

teo 

- 

— 

95 

ns 

1 TTL Load & 25 pF 

Output delay from <f>2 








(output to float) 

t BF 

- 

50 

- 

ns 



Input setup time before 01 

t B1 

0 

- 

- 

ns 



Input hold time after 01 

Bus Control Signals 

‘b2 

10 

■ “ 

T 

ns 



BC1,BC2,BDIR 

Output delay from 01 

‘ DC 


_ 

200 

ns 



BUSAK Output delay from 01 

‘ BU 

- 

150 

_ 

ns 



TCI Output delay from 01 

^TO 

- 

200 

- 

ns 



TCI Pulse Width 

EBCA output delay from BEXT 

‘tw 

- 

300 


ns 



input 

^DE 

- 

- 

150 

ns 



EBCA wait time for EBCI input 

t Al 

- 

- 

400 

ns 

\ 


CAPACITANCE 

■ 





TA = +25°C: Vdd = +12V; Vcc = +5V; 
VBa = -3V; t01 102= 120ns 

01, 02 Clock Input capacitance 

Input Capacitance 



20 

30 

PF 



DO-D15 


— 

6 

12 

PF 



All Other 

mm 

— 

5 

10 

pF 



Output Capacitance 

DO-D15 in high impedance state 

Cd 

- 

8 

15 

pF 




"Typical values are at +25°C and nominal voltages. 
NOTE: 


The Bus Data ReaDY(BDRDY) line Is sampled during time period TSI after a BAR or ADAR bus control signal. BDRDY must 
go low requesting a wait state 50 ns before the end of TSI and remain low for 50 ns minimum. BDRDY may go high 
asynchronously. In response to BDRDY, the CPU will extend bus cycles by adding additional microcycles up to a maximum 
of 40 /isec duration. 
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CP1610 


ELECTRICAL CHARACTERISTICS (CP1610) 


Maximum Ratings* 

Vdd. Vcc, GND and all other input/output voltages 

with respect to Vbb -O.SV to +18.0V 

Storage Temperature -SS^C to +150“C 

Operating Temperature 0°C to +70“ C 

Standard Conditions: (unless otherwise noted) 


‘Exceeding these ratings could cause 
permanent damage to these devices. 
Functional operation at these conditions is 
not implied— operating conditions are 
specified below. 


\/dd=+11V±5%, 70mA(typ) , 110mA(max.) Vbb= -3V±10%. 0.2mA(typ) , 2mA(max.) 
\/cc=+5V±5%, 12mA(typ) , 25mA(max.) Operating Temperature (Ta)= 0°C to +70°C 


Characteristic 

Sym 

Min 


Max 

Units 

Conditions 

DC CHARACTERISTICS 








Clock Inputs 

High 

ViHC 

10.0 


Vdd 

V 



Low 

ViLC 

0 

- 

0.6 

V 



Input current 



— 

15 

mA 

ViHC — 

Vdd-1 

Logic Inputs 

Low 


■1 


0.65 

V 



High (All Lines except BDRDY) 
High (Bus Data Ready Line 

mm 

■■ 

- 

Vcc 

V 



See Note) 

Logic Outputs 


3.0 


Vcc 

V 



High 

VoH 

2.4 

Vcc 

— 

V 

loH — IOOmA 

Low (Data Bus Lines DO-D15) 

VoL 

- 

- 

0.5 

V 

loL “ 1 .6nnA 

Low (Bus Control Lines, 








BC1,BC2,BDIR) 

VoL 

- 

- 

0.45 

V 

loL = 2.0mA 

Low (All Others) 

VoL 

- 

- 

0.45 

V 

lot “ 1 .6mA 

AC CHARACTERISTICS 

Clock Pulse Inputs, 01 or 02 

Pulse Width 

t02, t02 

250 



ns 



Skew (01, 02 delay) 

tl2. *21 

0 

- 

- 

ns 



Clo'ck Period 

Icy 

0.5 

- 

2.0 

^lS 



Rise & Fall Times 

tr, tf 

- 

- 

15 

ns 



Master SYNC: 

Delay from 0 
□O'DIS Bus Signals 

Output delay from 01 

tms 

- 

- 

30 

ns 



(float to output) 

teo 

- 

- 

200 

ns 

1 TTL Load & 25 pF 

Output delay from 02 








(output to float) 

t BF 

- 

50 

- 

ns 



Input setup time before 01 

t B1 

0 

- 


ns 



Input hold time after 01 

Bus Control Signals 

*82 

10 



ns 



BC1,BC2,BDIR 

Output delay from 01 

* DC 

_ 

_ 

200 

ns 



BUSAK Output delay from 01 

* BU 

- 

150 

- 

ns 



TCI Output delay from 01 

t TO 

- 

200 

- 

ns 



TCI Pulse Width 

EBCA output delay from BEXT 

*TW 


300 


ns 



input 

t OE 

- 

- 

150 

ns 



EBCA wait time for EBCI input 

t Al 

- 

- 

400 

ns 



CAPACITANCE 

Hi 





TA = +25° C: Vdd = +12V; Vcc = +5V: 
Vbb = -3V; t 01t 02 = 120ns 

01, 02 Clock Input capacitance 

Input Capacitance 



20 

30 

PF 



DO-D15 


— 

6 

12 

■39 



All Other 

mmm 

— 

5 

10 

mm 



Output Capacitance 

DO-D15 in high impedance state 

Cd 


8 

15 

m 




"Typical values are at +25°C and nominal voltages. 

NOTE: 

The Bus Data ReaDY(BDRDY) line is sampled during time period TSI after a BAR or ADAR bus control signal. BDRDY must 
go low requesting a wait state 50 ns before the end of TSI and remain low for 50 ns minimum. BDRDY rnay go high 
asynchronously. In response to BDRDY, the CPU will extend bus cycles by adding additional microcycles up to a maximum 
of 40 fisec duration. 
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IOB1680 

ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 

Vdd and Vqc and all other input/output voltages 

with respect to GND -0.3Vto+18\/ 

Storage Temperature -55°Cto+150°C 

Operating Temperature 0*Cto+70°C 

Standard Conditions (unless otherwise noted) 

All voltages referenced to GND 
Vdd = +12V ±5% 

Vcc = *5V 50/0 

Operating Temperature (Ta) = 0“C to +70°C 


'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied— operating ranges are specified 
below. 


Characteristic 

Symbol 

Min 

Typ" 

Max 

Unit 

Condition 

DC CHARACTERISTICS 








Clock Input: High 

Vihc 


- 

0 

0 

> 

V 



Low 

V|,c 


- 

.5 

V 



Logic Inputs: High 

Vih 


- 

< 

0 

0 

V 



Low 

Vii 


- 

.65 

V 



Logic Outputs: High 

Voh 


Vcc 

- 

V 

'oh 

= loop A 

Low 

Vol 


- 

.5 

V 

'ol 

= 1.6mA 

AC CHARACTERISTICS 

Clock Inputs 

CK1 Clock period 

tpc 

0.4 


4,0 

fJS 



Clock width 

tcl 

70 

, — 

— 

ns 



Rise & Fall times 

tcr,tcf 


- 

10 

ns 



CAPACITANCE (Ta = 25° C, 








Vdd = +12V, 

Vcc = +5V) 


H 






Input Capacitance: D0-D7 



6 

12 

■■ 

Vin 

= OV 

All others 



5 

10 


Vin 

= OV 

Output Capacitance: 



8 

15 

■■ 




"Typical values are at +25°C and nominal voltages. 



each of which can be considered to be an input or output. The 
transfer of information with the CPI 600 is accomplished via an 8- 
bit highway, the 16-bits being transferred as two 8-bit bytes, the 
register addresses are assigned CP1600 memory locations, as 
follows (N is an arbitrary starting address): 


N + 4 Timer High Order 8-bits 
N + 5 Peripheral Interrupt Address Vector 
N + 6 Timer Interrupt Address Vector 
N + 7 Error Interrupt Address Vector 
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Chapter 17 

THE GENERAL INSTRUMENT 1650 
SERIES MICROCOMPUTERS 


The 1650 series of one-chip microcomputers have been manufactured by General Instrument to compete in the high- 
volume, price sensitive, digital logic replacement market. If we compare the 1 650 series of one-chip rnicrocomputers to 
other one-chip microcomputers, they are most similar to the 3870; in reality, they are copies of no other product. They 
are unique devices in their own right. 

Describing the 1650 family of microcomputers at this point in the book is, perhaps, not strictly accurate, since they are 
not 16-bit microcomputers, nor do they have any relationship to the CPI 600 described in the previous chapter. 

The 1650 series have separate on-chip program and data memories. Program memory is 12 bits wide, while data 
memory is 8 bits wide. Table 1 7-1 summarizes the 1650 options. None of these microcomputers are expandable. If your 
application outgrows the 1670, then you must look elsewhere for a replacement. 

The prime source for the 1650 series of microcomputers is: 

GENERAL INSTRUMENT CORP. 

Microelectronics Division 
600 West John Street 
Hicksville, New York 11802 

In Europe a second source for the 1650 is: 

INTERMETALL 
19 Hans-Bun Strasse 
7800 Freiburg 
West Germany 

The 1 650 series microcomputers use a single -F5V power suppjy. With an oscillator frequency of 1 MHz, instructions 
execute in four or eight microseconds. 

1650 series devices are packaged as 18-pin. 28-pin, or 40-pin DIPs. They are manufactured using NMOS ion implanta- 
tion technology and have TTL-compatible signals. 

Figure 17-1 illustrates that part of our general microcomputer system logic which is implemented on the 1650 
series one-chip microcomputers. Once again, we must warn against making direct comparisons using these figures; 
logic shown as present says nothing about the extent to which the logic has been implemented. Read/write memory is 
shown only half present because between 1 1 and 39 bytes of on-chip read/write memory are provided by the various 
1650 options. 64 words is the smallest amount of read/write memory provided by any other one-chip microcomputer. 

A 1650 FUNCTIONAL OVERVIEW 

Logic of the 1650 series microcomputers is illustrated functionally in Figure 17-2. 

The Arithmetic and Logic Unit and the Control Unit are inaccessible to you as a user, therefore we will ignore this por- 
tion of the microcomputer. 


Table 17-1. 1650 Series One-Chip Microcomputer Options 


Part 

Number 

Program 

Memory 

12-Bit 

Words 

Data 

Memory 

Bytes 

I/O Lines 

Input 

Only 

Lines 

Output 

Only 

Lines 

Stack 

Levels 

Interrupts 

Power 

Supply 

Package 

Pins 

1650 

512 

23 

8x4 

_ 

_ 

2 

No 

+ 5V 

40 

1655 

512 

23 

8 x 1 

4 x 1 

8 X 1 

2 

No 

+ 5V 

28 

1670 

1024 

39 

8x4 

- 

- 

4 

Yes 

+ 5V 

40 

1645 

256 

16 

4 x 1 

4 X 1 

4 X 1 

3 

Yes 

+ 5V 

18 
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Figure 17-1. Logic of the 1650 Series Microcomputers 
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Figure 17-2. 1650 Functional Logic 


Program memory is 12 bits wide. The 1650 has 512 words of program memory. As illustr- 
ated in Table 17-1, other variations may have 256 or 1024 words of program memory. All 

program memory is read-only memory. There are currently no EPROM or EAROM program memory 
versions of the 1 650. For development purposes, there is the 1664, which has no on-chip program 
memory; rather, it generates a memory Address Bus and a program memory Data Bus via a 64-pin DIP, so that external 
program memory can be accessed. Note that General Instrument has strong EAROM (Electrically Alterable Read-Only 
Memory) technology, but no significant EPROM (Erasable Programmable Read-Only Memory) technology. EPROMs and 
EAROMs are described in Volume 3. 

I/O ports of 1 650 series microcomputers are connected directly to 8-bit registers which can 
also be accessed as general purpose registers. In Figure 17-2, Registers R5, R6, R7, and R8 are 
shown connected to four 8-bit bidirectional I/O ports. I/O variations for other 1650 options are 
summarized in Table 1 7-1 . Register connections for these other options are defined in Table 
17-2. 

Those 1650 series microcomputer I/O pins which are defined as bidirectional are, in reality, 
pseudo-bidirectional. Pin logic is illustrated in Figure 17-3. The logic illustrated in this figure 
has become standard pseudo-bidirectional pin logic for one-chip microcomputers. The 3870 and 8048 have similar 
logic. 

When outputting data to a 1 650 I/O port pin. the data is applied to the D input of a D-type flip-flop, which is clocked by 
an internal WRITE control signal. The reason for having two sets of gates on the flip-flop output is to provide a high 
voltage from Vxx vvhen switching a pin low. Vqc sources 100 microamps. Thus, external logic connected to a. high- 
level pin need only sink 100 microamps in order to pull a high pin low. External logic that attempts to write a 1 to a pin 
that is outputting 0 must pull-up Q2, which will be on and connected to ground; this is not feasible. Therefore, as was 


1650 1/0 
PORT 

REGISTERS 

1650 I/O 
PIN LOGIC 


1650 

PROGRAM 

MEMORY 
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the case for other one-chip microcomputers, the CPU can output a 0 or a 1 to any pin, but a pin that is going to receive 
input must first have a 1 written to it. External logic can now leave 1 at the pin, or can pull the 1 to a 0, External logic 
cannot write a 1 to a pin that is outputting 0. 

For a complete discussion of this pseudo-bidirectional logic, refer to the 8048 functional overview presented in 
Chapter 6. 

1650 SERIES MICROCOMPUTER PROGRAMMABLE REGISTERS 

All of the 1650 series microcomputers have a single 8-bit Accumulator plus a register file, as illustrated in 
Figure 17-2. 

All registers in the register file are eight bits wide, with the exception of the Program Counter and the Status register. 

The Accumulator, which is referred to in General Instrument's literature as the W 
register, is a primary Accumulator, as described for other microcomputers in this book. It is 
the source of one operand for two-operand instructions, and an optional destination for any in- 
struction that moves or operates on data. 


1650 

ACCUMULATOR 



Figure 17-3. 1650 Series Microcomputer Bidirectional 
I/O Port Pin Logic 


Register 0 does not exist. When identified by any instruction, implied register addressing via Register 4 is 
assumed. That is to say, when Register 0 is specified as a source or destination, the register identified by R4 will be 
selected instead. For example, suppose R4 contains OF'|0. An instruction which selects RO will then, in fact, access 
R15. 

Register R1 can be used as a general purpose register unless you are making use of 1650 real-time clock/counter logic. 

Every high-tb-low transition of the RTCC input increments the contents of R1. 

Register R2 is the Program Counter. The bit width of Register R2 depends on program memory 
size. For 1650 series microcomputers that have 512 words of program memory, R2 will be nine 
bits wide. The 1670 one-chip microcorriputer will have a 10-bit R2 register, while the 1645 will 
have an 8-bit R2 register. R2 is a write-only location; however, it is otherwise treated as a 
general purpose register. Thus, any instruction that specifies a general purpose register as a destination, without 


1650 

PROGRAM 

COUNTER 
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specifying the same general purpose register as a source, can select Register R2. But note that all data manipulations 
operate on eight bits of data only. Thus, to a limited extent, 1 650 series microcomputer program memory is divided into 
256-word pages. 

Register R3 is the Status register. This register is only three bits wide and contains the 
following status flags: 


1650 

STATUS 

REGISTER 


2 1 0 Bit No. 

Register R3, the Status register 


•Carry (C) 

"Digit Carry (DC) 
-Zero (Z) 


The Carry status is absolutely standard. It reflects a carry out of the high-order bit following an arithmetic operation. 
When a subtract instruction is executed, the Carry status is set if twos complement addition causes a carry out of the 
high-order result bit. 

The Digit Carry status is an Auxiliary Carry; it identifies any carry from bit 3 to bit 4: 



Carry here 
sets DC 


The Zero status is set to 1 when an arithmetic operation produces a 0 result; it is reset to 0 when an arithmetic opera- 
tion generates a non-zero result. 

Register R3 is a read/write location. Instructions can identify R3 as a source or destination for data. When reading the 
contents of R3, bits 3 through 7 will be read as 1 bits. When writing to R3, bits 3 through 7 will be lost. 

Register R4 is a register pointer similar to the ISAR register described for the 3870. Register R4 is an 8-bit register; 
however, the low-order five bits are interpreted as a register select whenever an instruction identifies RO (which does 
not exist). 


Table 17-2. 1650 Series Microcomputer Register Designations 



FUNCTION 1 

REGISTER 

1650 

1655 

1670 

— 

1645 

RO 

Not implemented. Specifies implied register addressing via R4 


R1 

Real-time clock/counter register 



R2 

Program Counter 




R3 

Status register 




R4 

Fite Select register, holds implied register address 



R5 

I/O Port A 

I/O Port A 

I/O Port A 

I/O Port A 
(bits 0-3 only) 

R6 

I/O Port B 

Output Port B 

I/O Port B 

Output Port B 
(bits 0-3 only) 

R7 

I/O Port C 

Input Port C 

I/O Port C 

Input Port C 



(bits 0-3 only) 


(bits 0-3 only) 

R8 

I/O Port D 

Scratchpad register 

I/O Port D 

Scratchpad register 

R9-R19 

Scratchpad registers present in all versions 



R20-R23 

Scratchpad registers 


> 


R24-R31 

Scratchpad registers 



S Not present 

R32-R47 

Not present 


Scratchpad registers 
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Registers R5 through R8 are connected to I/O ports in various ways for different members of the 1650 family, as 
defined in Table 1 7-2. When you write to any one of these four registers, associated I/O port pins, if they contain out- 
put logic, will generate a high output level for a 1 and a low output level for a 0. When you read the contents of Register 
R5, R6, R7, or R8, then each register bit that is connected to an I/O port input pin vyill reflect the level of the most re-, 
cently input data. For an I/O pin, if no data has been input, then the most recently output data will be read back. Any 
register bit that is not connected to an I/O port pin becomes a standard Scratchpad register, bit. Whatever was most re- 
cently written to this bit will be read back. 

Beginning with Register R9, remaining registers are general Scratchpad registers. Different 1 650 versions provide 
different numbers of Scratchpad registers. 

1650 SERIES MICROCOMPUTER MEMORY ADDRESSING MODES 

Since the 1 650 series microcomputers have a very small number of data registers; they have very simple data memory 
addressing options. Scratchpad registers up to R31 may be identified directly by any instruction that operates on data. 
If Register RO is identified, however, then the register selected by the low-order five bits of Register R4 will in fact be 
selected. This may be illustrated as follows: 

Select RO 

R1 
R2 
R3 
R4 
R5 
R6 
R7 


R21 

R22 

R23 

R24 

R25 

Select Register R26 R26 



For the 1 670 only, six bits of Register R4 are active address bits. This is necessary since. the 1 670 has general purpose 
registers numbered up to 47^0 Note that for the 1670, general-purpose registers R32 through R47 can be ac- 
cessed only via Register R4, using indirect addressing. 

Program memory is addressed by Jump instructions and Jump-to-Subroutine instructions, using direct address- 
ing only. 

Jump instructions can identify any 9-bit address — covering the 512 words of program memory. 

The Jump-to-Subroutine instruction can directly address only the first 256 words of program memory: all subroutines 
must therefore be origined in the first 256 words of program memory, although a subroutine can be called from any 
memory word. 

The 1670 one-chip microcomputer has a four-level Stack; other 1650 series one-chip 
microcomputers have a two-level or three-level Stack. Thus, with the exception of the 1670 
and the 1 645, only a single level of subroutine nesting is allowed. The 1 670 allows three levels of 
subroutine nesting, the 1645, two. For a program that can only be 51 2 words long, two levels of subroutine nesting are 
probably quite sufficient. 

1650 SERIES MICROCOMPUTER PINS AND SIGNALS 

Figure 17-4 illustrates pins and signals for the 1650 microcomputer. 

1645 pin assignments are not avaiiable at the present time. 


1650 

STACK 
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The 1650 series microcomputers communicate with external logic via their I/O ports. In Figure 17-4, three types of 
I/O pins are identified: pseudo-bidirectional, input-only, and output-only pins. We have already described the logic 
of pseudo-bidirectional pins. Input-only and output-only pins, as their names imply, are limited to receiving data from 
external logic only or transmitting data to external logic only. 

The 1650 series microcomputers have just two control signals: MCLR and RTCC. 

MCLR is a master reset control input. This signal should be held low for at least 1 millisecond after the power supply is 
valid. It forces all output pins to a high level and it sets all Program Counter bits to 1 . Therefore, the first instruction ex- 
ecuted following a reset will be located at the highest program memory location. 



Pin Name Description 

AO - A7 I/O Port A 

BO - B7 I/O Port B 

C0- C7 I/O Port C 

DO - D 7 I/O Port D 

MCLR System Reset 

RTCC Clock/Event Counter 

TEST Debug and chip test control 

OSC Clock 

CLK OUT Clock 

^XX’ ^CC' ^SS Power, .Ground 


Type 

Pseudobidirectional 

Pseudobidirectional 

Pseudobidirectional 

Pseudobidirectional 

Input 

Input 

Input 

Input 

Output 


Figure 17-4. 1650 Microcomputer Signals and Pin Assignments 

On high-to-low transitions of RTCC, the contents of Register R1 are incremented. RTCC will 
not respond to a frequency that is greater than 250 KHz. That is all there is to 1650 counter/timer 
logic. No interrupts are generated on a time-out, nor is there any special logic associated with 
reading the contents of Registe r R1 or writing to this register. A program will access Register R1 as 
it would any other register, and RTCC will increment register contents without regard to events in- 
ternal to the microcomputer. 

If you are not using counter/timer logic, it is a good idea to ground the RTCC pin. 

TEST is a^control input used to read the contents of program memory as data. General Instrument purposely pro- 
vides no information on the TEST pin or how it is used, since they do not want customers using this pin. 
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Two pins are associated with clock logic: the OSC input and the CLK OUT output. For very precise execution frequency, 
an external oscillator signal can be input via OSC. For less precise input, an RC network may generate the input as 
follows: 


Vcc 



Rext 9nd Cext options are described in the data sheets at the end of this chapter. 

The clock signal which drives the microcomputer is output via CLK OUT. 

The very simple timing associated with 1650 series one-chip microcomputers is given in 
the data sheets at the end of this chapter. 

Although you can run any 1 650 series one-chip microcomputer with a single -F5V power sup- 
ply. it is sometimes desirable to have an additional +10V power supply connected to the 
Vxx input. As illustrated in Figure 17-3. this power supply allows the bidirectional I/O port 
pins to sink more current, typically to drive higher current loads such as LED displays. 

None of the 1650 series microcomputers have any DMA or interrupt logic. The absence of DMA logic makes a lot 
of sense; the whole concept of Direct Memory Access is ridiculous when your data memory consists of 39 bytes or less. 
The absence of interrupt logic is simply a designer's choice. There are plenty of arguments for including interrupt logic 
in a one-chip microcomputer, since this allows external devices to influence event sequences asynchronously within 
the one-chip microcomputer. In the absence of interrupt logic, a program executed by a 1650 series microcomputer 
must test an input pin looking for a high or low level to trigger specific events. 

1650 SERIES MICROCOMPUTER INSTRUCTION SET 

The 1650 series microcomputer instruction set is summarized in Table 17-3. 

We have arbitrarily chosen to classify instructions which access registers as memory reference instructions. These are 
also I/O instructions if Register R5, R6, R7. or R8 is identified. If Register R3 is identified, they become status instruc- 
tions. Furthermore, any of these instructions could also be classified as register-register instructions. 

Instructions that test, set. and clear bits become I/O instructions if a bit of Register R5. R6, R7, or R8 is specified; they 
are Status registers if Register R3 is specified. 

The more you look at the 1650 instruction set, the more multifaceted many of the instructions become. General Instru- 
ment recognized this fact by creating assembly language instruction mnemonics to identify special cases of in- 
structions. These are summarized in Table 17-4. 


1650 TIMING 


1650 Vxx 
POWER SUPPLY 


There are two anomalies in the 1650 instruction set which you must guard against. 

There is no Add-with-Carry instruction. This makes it difficult to handle multi-byte arithmetic. Consider 16-bit binary 
addition. 

You can start off simply enough by adding the two low-order bytes; this will generate a carry for the two high-order 
bytes: 


31 EA 
24 6B 

55 

On first inspection, adding the two high-order bytes looks like no problem. You can add the carry to the augend: 

0 C 

32 EA 

24 ^ 

55 
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Then you add the high-order addend byte to the sum of the high-order augend byte plus the carry: 

0 C 

32 EA 
24 6B 
56 55 

A problem arises if the high-order augend byte happens to be FF. Now when you add a carry to FF, you get 00 and the 
carry is reset: 

1 C 

FF EA 00 EA 

.24 6B_ 24 ^ 

55 55 

Upon adding the high-order addend byte, the Carry status will be cleared erroneously: 

0 C (should be 1) 

00 EA 
24 6B 
24 55 

This becomes a significant problem when dealing with numbers that are three or more bytes long, since you can no 
longer guarantee that the correct carry will be generated for the second and higher-order bytes. There are ways around 
this problem, but they lead to more complex programs. Fortunately the problem is not particularly severe, since in an 
application that is limited to a data memory as small as that of the 1 650 you are most unlikely to have much multi-byte 
arithmetic anyway. 

Note that any time you return from a subroutine you will modify the contents of the Accumulator. 

Table 17-5 summarizes 1650 instruction object codes and execution times. 

THE 1650 BENCHMARK PROGRAM 

Our standard benchmark program is of little use with the 165Q microcomputers. Given the very small amount of 
data memory available, moving blocks of data around makes no sense. We therefore illustrate a modified benchmark 
program in which a number of data bytes are input via I/O Port A and then output via I/O Port B. The first data 
byte input identifies the length of the data block which follows. 

We are going to use bit 0 of I/O Port C to provide handshaking controls between the 1650 and external logic. 
Whenever external logic transmits new data to I/O Port A, it resets bit 0 of I/O Port C low. The 1 650 program tests this 
bit before attempting to read data from I/O Port A. As soon as the program outputs data to I/O Port B, it sets I/O Port C 
bit 0 high again. Thus, external logic can wait until it detects I/O Port C bit 0 high before attempting to input new data 
— which will be followed by I/O Port C bit 0 being pulled low by external logic. 

Here is the necessary instruction sequence: 


MOVLW FF INITIALIZE PORT A FOR INPUT BY 

MOVWF R5 OUTPUTTING ALL HIGH BITS 

BSF R7.0 SET PORT C BIT 0 HIGH 

LI BTFSC R7.0 IF PORT C BIT 0 IS 0, READ FIRST DATA BYTE 

GOTO LI 

MOVE R5 INPUT FIRST BYTE 

MOVWF R9 STORE AS A COUNTER IN R9 

LOOP BSF R7,0 SET PORT C BIT 0 HIGH 

L2 BTFSC R7,0 IF PORT C BIT 0 IS 0. READ NEXT DATA BYTE 

GOTO L2 ; 

MOVF R5,0 INPUT NEXT DATA BYTE FROM PORT A 

MOVWF R6 OUTPUT VIA PORT B 

MOVLW FF PREPARE PORT A FOR NEW INPUT 

MOVWF R5 

DECFSZ R9 DECREMENT R9 

GOTO LOOP IF NOT ZERO, RETURN FOR NEXT BYTE 
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These abbreviations are used in Tables 17-3 and 17-4: 


R 

W 

d 

[R] 

DATA 

LABEL9 

[STACK]^ 

—[STACK] 

n 


Any register 

Accumulator, or W register 
Destination identifier digit: must be 0 or 1. 

Ones complement of Register R contents 
Immediate 8-bit data value 
Program memory address (9 bits) 

Push onto Stack 
Pop off Stack 

A bit identification number, in the range 0 through 7. (0 low-order, 7 high-order) 
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Table 17-3. A Summary of the 1650 Series Microcomputer Instruction Set 



OPERATION PERFORMED 


tW]-[R] 

Move register (or I/O port) contents to Accumulator. 
tR]-lW] 

Move Accumulator contents to register or I/O port. 


[W]— IW]+ [Rlif d=0. [RJ— [W]+ [Rlif d=1. 

Add Accumulator and register contents. Store sum in the Accumulator or source register. 
[W]— [W] AND [R] if d=0. [R]— tW] AND [Rl if d=1 
AND Accumulator and register contents. Store result in the Accumulator or source register. 
[Rl— 0 

Zero Register R contents. 

IWl— [R] if d=0. [Rl— [Rl if d=1 

Store the ones complement of register contents in the Accumulator, or back in the register. 
[Wl— [Rl - 1 if d=0. [Rl— [Rl - 1 if d=1 
Store decremented register contents in the Accumulator, or back in the register. 

[Wl— [Rl + 1 if d=0. [Rl— [Rl + 1 if d=1 
Store incremented register contents in the Accumulator, or back in the register. 

[Wl— [Rl OR [Wlifd=0. [Rl— [RlOR [Wl if d=1. 

OR Accumulator and register contents. Store result in the Accumulator or Source register. 

Left rotate register contents. Store result in Accumulator if d=0 or in register if d=1. 

C 

Register contents 


Right rotate register-contents. Store result in Accumulator if d=0 dr in register if d=1. 

C 

Register contents 
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Table 17-3. A Summary of the 1650 Series Microcomputer Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

C 



1 


_ 

SECONDARY I/O, MEMORY OR REGISTER 
REFERENCE [OPERATE 

SUBWF 

SWAPF 

R.d 

R,d 

1 







[Wl— [Rl - [W] if d=0. [Rl— [R] - [W] if d=1 
Subtract Accamulatorjcontents from register contents, 
register. 

Swap register nibbles. Store result in Accumulator if dM) 

Store result in Accumulator or source 

or in register if d=1. 

y _ 


1 . ( 

M 


j ■ 1 ; Register contents 

^ _ > I 

XORWF 

R.d 

1 

1 

1 

X 

1 

1 

1 

i 

. Exclusive-OR Accumulator and reg 

d=1. 

' j 


ister contents. Store result in Accumulator if d =0 or in register if 

IMMEDIATE 

MOVLW 

DATA 

■ 

1 

1 

1 

1 

1 

1 

tWl — DATA 

Load immediate data into Accumulator. 

JUMP 

GOTO 

LABELS 

■ 


■ 

■ 


■ 

■ 

tR2]*- LABELS 

Jump to instruction LABELS, anywhere in 512 word program memory. 

SUBROUTINE 

CALL AND RETURN 

CALL 

RET 

RETLW 

LABELS 

DATA 

1 

1 

1 

1 

1 

1 


[STACK] — [R2]+ 1, [R2] — LABELS 

Jump to subroutine origined at LABELS, anywhere in first 256 words of program memory. Push 
return address onto Stack. 

[R2]— [STACK], [W] — 0 

Return from subroutine and clear Accumulator. 

[R2]— [STACK], [W]— DATA 

Return from subroutine and load immediate data into Accumulator. 

IMMEDIATE OPERATE 

ANDLW 

lORLW 

XORLW 

DATA 

DATA 

DATA 








[W]—[W] AND DATA 

AND Accumulator contents with immediate data. Store result in Accumulator. 

[W] — [W] OR DATA 

OR Accumulator contents with immediate data. Store result in Accumulator. 

[W]— [W] XORDATA 

Exclusive-OR Accumulator contents with immediate data. Store result in Accumulator. 
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Table 17-3. A Summary of the 1650 Series Microcomputer Instruction Set (Continued) 























Table 17-4. Mnemonics Recognized by the 1650 Assembler for Special 
Cases of General Instructions 


Special 

Mnemonic 

Equivalent 

Mnemonic(s) 

Status 

Affected 

Function 

CLRC 

BCF 3,0 

- 

Clear Carry 

SETC 

BSF 3,0 

- 

Set Carry 

CLRDC 

BCF 3,1 

- 

Clear Digit Carry 

SETDC 

BSF 3,1 

- 

Set Digit Carry 

CLRZ 

BCF 3,2 

- 

Clear Zero 

SETZ 

BSF 3,2 

- 

Set Zero 

SKPC 

BTFSS 3,0 

- 

Skip on Carry 

SKPNC 

BTFSC 3,0 

- 

Skip on No Carry 

SKPDC 

BTFSS 3,1 

- 

Skip on Digit Carry 

SKRNDC 

BTFSC 3,1 

- 

Skip on No Digit Carry 

SKPZ 

BTFSS 3,2 

- 

Skip or) Zero 

SKPNZ 

BTFSC 3,2 

- 

Skip on No Zero 

TSTF R 

MOVF R,1 

Z 

Test File 

MOVFW R 

MOVF R,0 

Z 

Move RIe to W 

NEGF R,d 

COMF R,1 


Negate File 


INCF R,d 

z 


ADDCF R,d 

BTFSC 3,0 


Add Carry to File 


INCF R,d 

z 


SUBCF R,d 

BTFSC 3,0 


Subtract Carry from File 


DECF R,d 

z 


ADDDCF R,d 

BTFSC 3,1 

INCF R,d 

z 

Add Digit Carry to File 

SUBDCF R,d 

BTFSC 3,1 


Subtract Digit Carry from File 


DECF R,d 

z 


B LABEL9 

GO TO LABELS 

- 

Branch 

BC LABEL9 

BTFSC 3,0 


Branch on Carry 


GO TO LABELS 

- 


BNC LABEL9 

BTFSS 3,0 


Branch on No Carry 


GO TO LABELS 

- 


BQC LABELS 

BTFSC 3,1 


Branch on Digit Carry 

1’ 

GO TO LABELS 

■ - 


BNDC LABELS 

BTFSS 3,1 


Branch on No Digit Carry 


GO TO LABELS 

- 


BZ LABELS 

BTFSC 3,2 

GO TO LABELS 


Branch on Zero 

BNZ LABELS 

BTFSS 3,2 

GO TO LABELS 

- 

Branch on No Zero 


,! 


The following abbreviations are used in the "Object Code" column of Table 1 7-5: 

C - a "don’t care" binary digit 

n - binary digits that identify a bit number 

r - binary digits that represent a register number 

X -any hexadecimal digit 

a - binary digits of a nine-bit address 

Abbreviations defined forTabje 17-3 are preserved in the "Instruction" column of Table 17-5. 
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Table 1 7-5. 1 650 Instruction Set Object Codes 


Instruction 

Object Code 

ADDWF 

R,d 

0C01 1 1drrrrr 

ANDLW 

DATA 

Exx 

ANDWF 

R,d 

OOOIOIdrrrrr 

BCF 

R,n 

OlOOnnnrrrrr 

BSF 

R,n 

OlOInnnrrrrr 

BTFSC 

R,n 

01 lOnnnrrrrr 

BTFSS 

R,n 

01 1 1nnnrrrrr 

CALL 

LABEL 

9xx 

CLRF 

R 

000001 Irrrrr 

CLRW 


OOOOOlOccccc 

COMF 

R,d 

OOtOOIdrrrrr 

DECF 

R,d 

00001 Idrrrrr 

DECFSZ 

R,d 

00101 Idrrrrr 

GOTO 

LABEL9 

lOlaaaaaaaaa 

INCF 

R,d 

OOlOIOdrrrrr 

INCFSZ 

R,d 

001 1 1 1drrrrr 

lORLW 

DATA 

Dxx 

lORWF 

R,d 

OOOIOOdrrrrr 

MOVE 

R,d 

OOlOOOdrrrrr 

MOVLW 

DATA 

Cxx 

MOVWF 

R 

000000 Irrrrr 

NOP 


000 

RET 


800 

RETLW 

DATA 

8xx 

RLF 

R,d 

001 10 Idrrrrr 

RRF 

R,d 

001 lOOdrrrrr 

SUBWF 

R,d 

OOOOIOdrrrrr 

SWAPF 

R,d 

001 1 lOdrrrrr 

XORLW 

DATA 

Fxx 

All object codes occupy one 12-bit word. 

All instructions execute in one machine 

cycle, with the exception of conditional 

Skip instructions, which execute in one 

machine cycle for no skip or two machine 

1 cycles to skip. 

1 
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DATA SHEETS 


The following section contains electrical data for the 1650. 



1650 ELECTRICAL CHARACTERISTICS 


MAXIMUM RATINGS* 

Storage Temperature — 55®C to +150°C 

Operating Temperature 0°C to +70°C 

Vcc. Vxx, and all other input/output 

voltages with respect to Vss —0.3V to +12.0V 


STANDARD CONDITIONS (unless otherwise noted) 

Vcc: +5V ± 5% 

Vxx: +4.75V to 10.0V 


'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied— operating ranges are specified 
below. 


Characteristics 

Sym 

Min 

Typ** 

Max 

Units 

Conditions 

DC CHARACTERISTICS 


■ 





Power Supply Currents 

Ice 


35 


mA 



Ixx 


1 


mA 


Logic Inputs 







Low 

V,L 


— 

.65 

V 


High 

V,H 


— 

Vcc 

V 


Logic Outputs 







Low (Note 1) 

VoL 


— 

0.45 

V 

Vxx=5V@ loL=1.6mA 

High 

VoH 

2.4 

— 

Vcc 

V 

loH=100/iA min. 

AC CHARACTERISTICS 







OSC Frequency 

f.N 

.2 

— 

1 

MHz 


RTCC Frequency 

— 

DC 

_ 

200 

KHz 


CLKOUT Frequency 

— 

.25 fin 

— 

— 

— 


CLK OUT 







Rise Time 

tr 





200 

ns 1 


Fall Time 

tt 

— 

— 

200 

ns ' 

1 TTL load and 100 pF 

I/O Registers A, B, C, D 







Output Mode: 







Delay From CLKOUT 

too 

— 

_ 

500 

ns 

1 TTL load and 100 pF 

Input Mode 







Set-Up 

tis 

0 

— 

— 

ns 


hold 

tiH 

100 

— 

— 

ns 



1650 LED Direct Drive 

Vxx drives the gate of the output buffer, allowing adjustment of 
LED drive capability: 


Vxx 

Vqut 

isiNK (lyp) 

5V 

0.4V 

2.5mA 

5V 

0.7V 

4.2mA 

10V 

0.4V 

5.8mA 

10V 

0.7V 

10.0mA 

10V 

1.0V 

14.1mA 


1650 OSCILLATOR INPUT 

The oscillator input (OSC) can be driven directly by a crystal with 
compatible output or by an external RC network. 




CLOCK OUT {fji} 

1650 TYPICAL OSCILLATOR RC CHART @ 25°C 


We reprint data sheets on pages 17-D2 through 17-D3 by permission of General Instrument Corporation. 
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1 650 I/O TIMING — 


r 



! 

INTERNAL j — / 

V7 

r— — 

W 

— w — ' 

WAVEFORMS j 

n 

n 

AA , 

'■*1 r*i 

CLKOUT h ^ ^ 

r- 

O 


1 JNCflEMENT 

ADDRESS ROM 
FOR NEXT 


♦EXECUTE-^ 

INSTRUCTION 

ANSWER 

INTERNAL 

BUS 

WRITE 

^ TO 

10 

INSTRUCTION 

OUTPUT 



1 6V — 

Af— 

INPUT 15N/— <— 


INPUT 

STABLE — 
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Chapter 18 

THE TEXAS INSTRUMENTS TMS 9900, 
TMS 9980, AND TMS 9940 PRODUCTS 


The TMS 9900 was the first 1 6-bit microprocessor that could compete effectively in the minicomputer market. In fact, 

the TMS 99QP is a one-chip impiementation of the TM 990 series rninicomputer Central Processing Units. 

The TMS 9900 is packaged as a 64-pin DIP; it generates signals for a 1 5-bit Address Bus and a separate 1 6-bit Data 
Bus. whereas other 16-bit microprocessors multiplex their Data and Address Busses. The TMS 9980 series 
microprocessors are 40-pin DIP versions of the TMS 9900; in order to reduce pin counts, the TMS 9980 series 
microprocessors access external memory via an 8-bit Data Bus and 14-bit Address Bus. The TMS 9940 is a one-chip 
microcomputer containing a subset of the TMS 9900 Central Processing Unit, together with on-chip memory and real- 
time clock logic. 

The TMS 9900 product line has for some time been one of the enigmas of the microprocessor industry. Even a 
casual examination of the TMS 9900 instruction set shows that from the programmer's viewpoint, this microprocessor 
was at least two years ahead of its time. While it may have, had problems competing in high-volume, simple applica- 
tions. it was certainly the microprocessor of choice for data processing-type, program-intensive applications, yet it was 
not widely used in these markets. 

The reason for this lack of acceptance has been poor support from Texas Instruments. 

Texas Instruments initially offered little support for the TMS 9900 because this microprocessor was designed as a low- 
end product of the TM 990 minicomputer series. That is to say, customers were expected to deveipp products around 
the TM 990 minicomputers; then, if they chose to. they could build production models around the TMS 9900 
microprocessor. This development path did not call for extensive TMS 9900 support In all probability, Texas Instru- 
ments was caught by surprise by the buoyancy of the microprocessor market — as a markef in its own right. Certainly, 
if Texas Instruments had given the TMS 9900 the same level of support that Intel gave the 8080A, we would see en- 
tirely different microprocessor product distributions today. But the TMS 9900 and its derivative products are powerful 
enough that the belated support they are now receiving from Texas Instruments will give the product line a reasonable 
share of future markets. 

Texas Instruments now provides full support for the TMS 9900 microprocessor line. 

TMS 9900 support devices are designed specifically for the TMS 9900; therefore, they are described in this 
chapter rather than in Volume 3. Support devices can be used with the TMS 9900, TMS 9980, or TMS 9940 
products. The following devices are described: 

The TIM 9904 Clock Generator 

The TMS 9901 Programmable System Interface 

Texas Instruments is the primary manufacturer for all of the TMS 9900 series products. TMS 9900 series pro- 
ducts are handled out of the following Texasinstruments office: 

TEXAS INSTRUMENTS. INC. 

P.O. Box 1443 
Houston, Texas 77001 

Second sources for the TMS 9900 family are: 

AMERICAN MICROSYSTEMS. INC. 

3800 Homestead Road 
Santa Clara, California 95051 

SMC MICROSYSTEMS CORP. (TMS 9980 series only) 

35 Marcus Blvd. 

Hauppage, N.Y. 11787 
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THE TMS 9900 MICROPROCESSOR 


The TMS 9900 is manufactured using N-channel silicon gate MOS technology. It is packaged as a 64-pin DIP. Three 
power supplies are required: -5V. +5V, and -M2V. 

Using a 3 MHz clock, instruction execution times range between 3 and 10 microseconds. 

A TMS 9900 FUNCTIONAL OVERVIEW 

Figure 18-1 illustrates that part of our general microcomputer system logic which is implemented by the TMS 9900 
CPU. 

The most important features of Figure 18-1 are; 

• The absence of programmable registers 

• The presence of significant interrupt handling logic 

• The presence of serial-to-parallel data conversion logic 

• The absence of I/O port interface logic 



Clock Logic 


Logic to Handle 
Interrupt Requests 
from 

External Devices 


Antfimetic and 
Logic Unit 


Accumulator 

Registeifs) 


Instruction Register 


Data Counteifs) 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Program Counter 


System Bus 


Read/Write 

Memory 


Read Only 
Memory 


Programmable 

Timers 




ROM Addressing 




RAM Addressing 



and 

Interface Logic 


I/O Ports 
Interface Logic 


and 

Interface Logic 


Figure 18-1. Logic of the TMS 9900 CPU 
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Let us first consider the manner in which the TMS 9900 handles programmable registers. 

TMS 9900 PROGRAMMABLE REGISTERS 

Within the logic of the TMS 9900 itself, there are just three 16-bit programmable registers: a Program Counter, a 
Workspace register, and a Status register. 

The Program Counter and Status register are straightforward. The Program Counter contains the address of the 
next instruction to be executed. The Status register maintains various statuses, which we describe later in this chapter. 

The Workspace register is a unique and powerful programming feature of the TMS 9900. This register identifies 
the first of sixteen 16-bit memory locations which act as 16 General Purpose registers. This may be illustrated 
as follows: 


16-BIT MEMORY 
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Any memory 
addresses 


WP 


xxxx 
xxxx + 2 
xxxx + 4 
xxxx + 6 
xxxx + 8 
xxxx + A 
xxxx + C 
xxxx + E 
xxxx + 10 
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xxxx + 14 
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xxxx + 1A 
xxxx + 1C 
xxxx + IE 
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R3 

R4 

R5 
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R7 

R8 

R9 . 

RIO 

R11 

R12 

R13 

R14 

R15 


Special Functions 


RO cannot be an Index register. 
Shift instruction will seek shift 
count in low-order four RO bits if 
instruction object code specifies 
0 shifts. 


Subroutine return address or XOP effective 
CRU Bit address address 

Save old WP 
Save old PC 
Save old ST 


Some of the 16 registers serve special functions, as defined by the text on the right-hand side of the illustration 
above. For the moment, do not attempt to understand these special functions. They are described later in the chapter. 

In TMS 9900 microcomputer systems, external memory consists of 16-bit memory words. 

Each 16-bit memory word has its own memory address. Within the TMS 9900 CPU, 
however, memory is addressed as a sequence of 8-bit locations. For this to occur, the CPU 


TMS 9900 

MEMORY 

ADDRESSES 
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generates an internal 16-bit mernpry address: the high-order 15 bits of the internal memory ad- 
dress create the external memory addresses. This may be illustrated as follows: 


This 16-bit address is created 
by program logic to address 65536 bytes 



When designing hardware around the TMS 9900. you will implement external memory as 1 6-bit words, which are ad- 
dressed by a 15-line Address Bus. That is to say. 32.768 16-bit words may be addressed. 

But when you are programming the TMS 9900 you will visualize memory as 65,536 bytes, addressed by a 16-bit ad- 
dress. An even byte address will access the low-order byte of an external 16-bit memory word, while an odd 
memory address will access the high-order byte of an external 16-bit memory word. 

Any 16 contiguous words of read/write memory may serve as the current 16 general purpose registers for the 
TMS 9900. 

You may have as many sets of 16-bit registers as you wish, limitecj only by the size of implemented memory. 

If you are using more than one set of 16-bit registers, then at any timp just one set of 16-bit registers can be 
selected. The WP register identifies the first of the 16 contiguous memory locations serving as the current 16 
general purpose registers. 

Each of the 16 general purpose registers may be used to store data or addresses. Thus, each general purpose register 
may serve as an Accumulator or as a Data Counter. 

Registers R11 through R15 are used as special Pointer storage buffers; we will be describing the way in which 
these registers are used as the chapter proceeds. 

Having 16 geiieral purpose registers in read/write memory, rather than in t|ie CPU, is the single most important 
feature of TMS 9900 architecture. The advantage of having 16 general purpose registers located anywhere in 
read/write memory is that you can have many sets of 16 general purpose registers. For example, following an interrupt 
acknowledge, you no longer need to save the contents of general purpose registers — all you need to do is save the 
contents of the Program Counter, the Workspace register and the Status regjster, and that is done automatically by 
TMS 9900 interrupt handling logic. By loading new values into the Program Counter and the Workspace register, you 
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can begin executing a new program, accessing 16 new memory words — which will be treated as a new set of 16 
general purpose registers. 

The disadvantage of having 16 general purpose registers in read/write memory is that no TMS 9900 microcom- 
puter system can be configured without read/write memory: and if you are going to use many different sets of 1 6- 
bit registers, then you are going to require a significant amount of read/write memory.'Furthermore, you lose the speed 
associated with executing register-to-register operations; there are no source and destination locations left in the CPU. 
Every register access becomes a memory access. 

TMS 9900 literature refers to the process of switching from one set of general purpose 
registers to another as a context switch. This terminology reflects the complete change of pro- 
gram environment that results from the switch. 

Special instructions allow you to perform a forward context switch or a backward context switch. 

During a forward context switch, you load new values into the Workspace register and Program Counter, while 
simultaneously saving the old Workspace register. Program Counter, and Status register contents in the new General 
Purpose Registers R13, R14, and R15. 

A backward, or reverse context switch loads the current contents of General Purpose Registers R1 3.- R14. and R1 5 into 
the Workspace register. Program Counter, and Status register, respectively, thus returning you to your previous set of 
general purpose registers. 

You can perform context switches as often as you like and whenever you like. For example, a very effective way of 
using context switching is to group data into contiguous memory words which you can identify as a register set. Upon 
entering a subroutine, you can perform a context switch which automatically creates all necessary initial data and ad- 
dress values in appropriate general purpose registers. This may be illustrated as follows: 


TMS 9900 
CONTEXT 
SWITCH 


MEMORY Arbitrary 

WORDS Memory 
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As illustrated above, when you perform a forward context switch, the current Program Counter 
contents, Status register contents, and WP register contents are saved in what will become the 
new Registers R13, R14andR15, respectively. Here is the exact sequence in which events oc- 
cur: 

1) The new WP register contents are loaded into the CPU and held in temporary storage. 

2) The current Status register contents are written out to the memory location which will become the new Register 
R15. 

3) The current Program Counter contents are written out to the memory location which will become the new Register 
R14. 

4) The current WP register contents are written out to the memory location which will become the new Register R13. 

5) The new WP register contents, which were held in temporary storage, are moved into the WP register. 

6) The new value is loacfed into the Program Counter. 

Thus, when a forward context switch is performed, an audit trail ensures that program logic knows the exact machine 
state at the instant of the forward context switch. 

When a backward context switch occurs, the contents of the current General Purpose 
registers R13, R14, and R15 are loaded into the WP register, the Program Counter, and the 
Status register, respectively. Thus, program logic returns to the location of the forward context 
switch. 

TMS 9900 MEMORY ADDRESSING MODES 

The TMS 9900 provides these four methods of addressing memory; 

1) Direct memory addressing 

2) Direct, indexed memory addressing 

3) Implied memory addressing 

4) Implied memory addressing with auto-increment 

The way in which the TMS 9900 implements these four memory addressing modes is exactly as described in Volume 1 . 
Chapter 6. The important point to note is that the TMS 9900 looks upon its address space as consisting of 32,768 1 6- 
bit memory words which are addressed using 15. rather than 16, Address Bus lines; yet programs compute all ad- 
dresses as 16-bit words. This logic was described earlier. 

Direct memory addressing instructions provide the memory address in the second word 
of an instruction's object code: 


TMS 9900 

DIRECT 

ADDRESSING 


TMS 9900 
BACKWARD 
CONTEXT 
SWITCH 


TMS 9900 
FORWARD 
CONTEXT 
SWITCH 


MSB 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 



Bit No. 



Instruction Object Code 


Byte identifier recognized by CPU logic 
Direct address output via Address Bus 


Direct, indexed memory addressing instructions provide a base address in the second 
object code word, but they also identify a general purpose register whose contents are 
to be added, as a signed binary number, to the base address. Again, the low-order bit of the 

computed address is not output via the Address Bus, but is interpreted by CPU logic as a byte 
identifier. 

General Purpose Register RO cannot be specified as an index register. 

Direct, indexed addressing is very useful in a TMS 9900 microcomputer system. It allows you to address the previous 
set of general purpose registers, following a context switch, without knowing where the previous registers were. Sup- 
pose you want to access the contents of the memory word which was being used as General Purpose Register R5 


TMS 9900 

INDEXED 

ADDRESSING 
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before you switched to your current set of general purpose registers. Recall that the previous Workspace register con- 
tents are stored in your current General Purpose Register R13. You could thus address the previous General Purpose 
Register R5, without knowing where this general purpose register may have been, by using direct, indexed addressing 
as follows: 



ARBITRARY 

MEMORY 

ADDRESSES 



xxxx + 2 
xxxx + 4 
xxxx + 6 
xxxx + 8 
xxxx + A 
xxxx + C 
xxxx + E 
xxxx + 10 

XXXX+ 12 

xxxx + 14 
XXXX+ 16 
xxxx + 18 

XXXX+ 1A 

xxxx + 1C 
XXXX + IE ^ 




Previous 

General 

Purpose 

registers 




yyyy 

yyyy + 2 
yyyy + 4 
yyyy +6 

yyyy + 8 
yyyy + a 
yyyy+C 

Current 

yyyy+ E 

t General 

yyyy+ 10 

/ Purpose 

yyyy + 12 

registers 

yyyy+ 14 
yyyy+ 16 

yyyy + is 


yyyy+ ia 

yyyy+ 1C 
yyyy + IE y 



An implied memory addressing instruction will specify one of the 1 6 current general pur- 
pose registers as providing the effective memory address. 

If you specify implied memory addressing with auto-increment, then the contents of the 
identified general purpose register will be incremented after the memory access has 
been performed. If the instruction specifies a byte operation, the register contents will be incremented by one; the 
register contents will be incremented by two after a full-word operation. 


TMS 9900 

IMPLIED 

ADDRESSING 
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Six object code bits identify the data memory addressing option selected by any TMS 9900 instruction that accesses 
data memory. The six object code bits are interpreted as follows: 


T R 




0000 through 1111 select the general purpose register to be ac- 
cessed during the memory address computation 


! 00 - Not a memory reference instruction. The selected register is 
accessed directly. 

01 - Implied memory addressing 

10 - Direct addressing if register RO is selected. 

Direct, indexed addressing otherwise. 

1 1 - Implied memory addressing with auto-increment 


Two-address instructions will include 12 memory addressing option bits: 

MSB LSB 


Two-address instruction object code 


TD RD TS RS 


Destination 

address 


Source 

address 


Some instructions allow a source to be anywhere in memory, but the destination must be a general purpose register. 
These object codes include TS, RS, and RD, but not TD. 

TMS 9900 Jump instructions use program relative, direct addressing. These are one-word 
instructions, where the low-order byte of the instruction object code provides an 8-bit. signed 
binary value, which is added to the incremented contents of the Program Counter. This is 
straightforward program relative, direct addressing. 

TMS 9900 I/O ADDRESSING 


TMS 9900 
PROGRAM 
MEMORY 
ADDRESSING 


As compared to other microcomputers described in this book, the TMS 9900 has unusual I/O logic. In addition to ad- 
dressing I/O devices as memory locations, you can address a separate I/O field of up to 4096 bits. Texas Instru- 
ments' literature refers to this field as the "Communications Register Unit" (CRU). If you are programming a TMS 
9900 microcomputer system that has already been configured by Texas Instruments, then it is justifiable to look upon 
the Communications Register Unit as a form of I/O port. If you are building your own interface to a TMS 9900 CPU. then 
instructions that are supposed to access the Commuriications Register Unit in reality simply make alternative use of 
part of the Address Bus in conjunction with three control signals: CRUCLK, CRUIN, and CRUOUT. 

There are two classes of TMS 9900 CRU instructions. The first class accesses individual bits (or signals), while 
the second class accesses bit fields that may be between 1 and 16 bits wide. 


There are three single-bit CRU instructions; they set. reset, or test the identified CRU bit. This is equivalent to set- 
ting, resetting, or testing an external signal or single I/O port bit. When a bit is to be set or reset, the new level is output 
via CRUOUT, and a CRUCLK pulse indicates that valid data is on the CRUOUT line. When the condition of a bit is to be 
input or tested, then external logic is required to return the level of the tested bit via CRUIN. 
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A CRU bit instruction outputs a 12-bit address which is computed as follows; 


Instruction Object Code 


MSB 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 LSB 



General Purpose Register R12 


MSB 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 LSB 



12-bit, unsigned 
binary number 


XXXXXYYYYYYY 
+ ZZZZZZZZZ Z Z Z. 


C 


Sum becomes effective CRU address 


X, Y and Z represent any binary digits 


The 1 2-bit address is output on the 1 2 lower-order address lines; the three higher-order address lines are all 0 to 
designate a CRU address. 

Now during the execution of a CRU bit instruction, the address which is output is supposed to be a bit address — that 
is, an address identifying one bit in a possible 4096-bit field. So far as external interface logic is concerned, the address 
can be interpreted in any way. However, data output will occur via CRUOUT only; data is input via CRUIN, and 
stored in the Equal bit of the Status register. 

There are two multi-bit CRU instructions: one, LDCR. transfers data from an addressed memory location to any ad- 
dressed CRU bit field. The other, STCR. transfers data from an addressed CRU bit field to any addressed mennory loca- 
tion. Anywhere from 1 to 16 bits of data may be transferred by the LDCR and STCR instructions. Instruction object 
codes are interpreted as follows: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Multi-bit CRU Instruction 

|These four bits identify the general purpose register which is to be 
[used in the memory address computation (XXX) = RO to 1111 = 
lR15. 

'^00 - Register is the memory location 
01 - Implied memory addressing via address in the register 

10 - If Register RO is selected, then direct memory addressing is 

specified; the direct address is in the next program memory 
word. If any register other than RO is selected, then direct, in- 
I dexed addressing is specified. The contents of the selected 
register are added to the contents of the next program memo- 
ry word. 

1 1 - Implied memory addressing with auto-increment 
■CRU bit field length (0 is interpreted as 16) 

1001100 =LDCR 

loOIIOI =STCR 
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The source/destination memory location is identified as it would be for any memory reference instruction. 

The address of the first CRU bit is specified by Register R12. For a multi-bit CRD instruction, the CRU bit address is in- 
cremented for each succeeding bit access, but the incremented address is held in a temporary storage location. The 
contents of Register R12 are not incremented. 

Thus, multi-bit CRU instructions may transfer anywhere from 1 to 16 bits between any memory location and any CRU 
bit field. Note that memory must be divided into 16-bit words, each of which has identified bit boundaries, but 
there are no equivaient bit boundaries in the CRU bit field. That is to say, any CRU bit may be identified via Register 
R1 2 as the first bit in a multi-bit field, while the length of the multi-bit field is identified by the instruction object code. 
This may be illustrated as follows; 


CRU 


MSB LSB 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Start of CRU 
Bit Field 


End of CRU 
Bit Field 


If YYYY is 0000, the CRU bit field is assumed to be 16 bits in length. 
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When bits are transferred from a memory location to a CRU bit field, the contents of the memory location are not 
actually modified, but the transfer occurs as though bits had been right shifted out of the memory location. Bits 
arriving within the addressed CRU bit field are stored in sequential CRU bit locations with ascending addresses. This 
may be illustrated as follows; 


CRU 



Lowest CRU Bit 
Address 


Highest CRU Bit 
Address 


Eleven bits have been transferred in the illustration above. If eight or fewer bits are transferred from a general purpose 
register, only the more significant byte is accessed: 


MSB LSB 

15 14 13 12 11 10 9 8 7 6 54 3 2 1 0 



Our illustration shows a transfer of five bits. 
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If eight or fewer bits are transferred from a memory location, then the memory address will be considered a byte ad- 
dress rather than a word address: that is, the transfer will be from the low-order bits of the addressed byte, which may 
be either the upper or lower byte of a 16-bit memory word. Thus you can access the lower byte of a general purpose 
register by addressing it as a memory location. 

A data transfer from the CRU to data memory occurs as the exact logical reverse of the illustration above, except 
that high-order bits of the destination data memory word are zeroed if unfilled. This may be illustrated as follows: 


CRU 



Lowest CRU Bit Address 


Highest CRU Bit Address 


As with data transfers from memory to the CRU. if eight or fewer bits are transferred, only a byte will be affected. This 
will be either the addressed memory byte: 


CRU 
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or the high-order byte of a general purpose register; 


MSB 


LSB 


15 1413, 1211109 8 7 6 5 4 3 2 1 0 



General Purpose Register 



Lowest CRU Bit Address 


Highest CRU Bit Address 


TMS 9900 STATUS FLAGS 

© The TMS 9900 CPU has a 16-bit Status register which may be illustrated as follows: 


0 1 2 3' 4 5 6 7 8 9 10 11 12 13 14 15 ^ TMS 9900 Bit Number 

15 14 13 12 1,1 10 98 -7 654321 0 ^Our Bit Number 

Status register 

Interrupt mask. 

Unused 

XOP instruction executed 
Parity status 
Overflow status 
Carry status 
Equal condition 

Arithmetic Greater Than condition 
Logical Greater Than condition 

The low-order four bits of the Status register represent an interrrupt mask which identifies the level of interrupt 
which is currently enabled. As the 4-bit interrupt mask would imply, 1 6 levels of interrupt are allowed. We will describe 
interrupt processing later in this chapter. 

The X status is set to 1 while an XOP Instruction Is being executed. This instruction allows you to perform a soft- 
ware interrupt — as described later in this chapter. 

The P, O, and C are standard Parity, Overflow and Carry statuses. 

The Equal status (=) Identifies a condition that currently exists, as the result of the execution of a previous in- 
struction, that will cause a Branch-if-Equal instruction to branch. A CRU bit to be tested also gets stored in the 
Equal status. 

The Logical Greater Than and Arithmetic Greater Than statuses are set or reset following arithmetic, logical, or data 
move operations. A Logical Greater Than treats the source data as simple, unsigned binary numbers. An 
Arithmetic Greater Than interprets the operand as signed binary numbers. 

TMS 9900 CPU PINS AND SIGNALS 

Figure 18-2 illustrates the pins and signals of the TMS 9900 CPU. 

Being a 64-pin DIP, the TMS 9900 can afford to have separate Address and Data Busses. 
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V'BB 

VCC 

WAIT 

LOAD 

HOLDA 

RESET 

lAQ 

<I>1 

a>2 

(LSB) A14 
A13 
A12 
All 
A10 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 

(MSB) AO 
<1)4 

vss 

VdD 

<l>3 

DBIN 

CRUOUT 

CRUIN 

INTREQ 


Pin Name 

Description 

Type 

AO - A14 

Acidress Bus 

Tristate, output 

D0-D15 

Data Bus . 

Tristate, bidirectional 

<I'1, 4)2, 4)3, 4)4 

Clock Signals 

Input 

MEMEN 

Memory Enable 

Tristate, output 

lAQ 

Instruction Fetch 

Output 

DBIN 

Data Bus In 

Tristate, output 

WE 

Write Enable 

Tristate, output 

READY 

Memory Ready 

Input 

WAIT 

Wait State Indicator 

Output 

CRUCLK 

I/O Clock 

Output 

CRUOUT 

Serial I/O Out 

Output 

CRUIN 

Serial I/O In 

Input 

INTREQ 

Interrupt Request 

Input 

ICO - IC3 

Interrupt Code 

Input 

HOLD 

DMA Request 

Input 

HOLDA 

Hold Acknowledge 

Output 

LOAD 

Load Interrupt 

Input 

RESET 

Reset 

Input 

Vbb- vcc. Vdd. Vss 

Power and Ground reference 



Figure 18-2. TMS 9900 Signals and Pin Assignments 
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Pins AO - A14 provide the 15-bit Address Bus. Note that Texas Instruments' iiterature numbers bits and pins 
from left to right; therefore, address line AO represents the most significant address bit, where as address line 
A14 represents the least significant address bit. 

DO - D15 provide a 16-bit bidirectional Data Bus. Once again, DO represents the most significant data bit in Texas 
Instruments' literature. 

Remaining signals may be divided into bus control, interrupt control, and timing. 

External logic must provide four clock signals, <I>1 , 4>2, 4)3, and 4)4. These are provided by the TIM 9904, described 
later in this chapter. 

Any memory access operation begins with an address being output via the Address Bus. The TMS 9900 CPU iden- 
tifies a stable address on the Address Bus by outputting MEMEN low. 

If the memory access operation is an instruction fetch, the lAQ is output high. 

If the memory access is a read, then the TMS 9900 outputs a high level via DBIN. Memory interface logic must in- 
terpret the high DBIN level as a signal to place data on the Data Bus. 

If the memory access is a memory write, then the TMS 9900 CPU outputs a low pulse via WE. Memory interface 
logic mu st us e the low WE pulse to signal that valid data is on the Data Bus, and to store it in the addressed memory 
location. WE low does not last as long as DBIN high. 

When external logic cannot respond to a memory access in the available time, it requests a Wait state by input- 
ting READY low. The CPU acknowledges by outputting WAIT high. 

CRUCLK, CRUIN, and CRUOUT are three signals used to implement single-bit or serial data transfers via the 
CRU interface. 

CRUOUT is used to output bits of data to the I/O devices, and CRUIN is used to retrieve input data from the I/O devices. 
CRUCLK is active during output operations only, and defines when data bits on CRUOUT are valid. 

Let us now look at interrupt control signals. 

There is a single interrupt request input, INTREQ, which must be held low by any external device requesting an 
interrupt. External devices identify themselves via control signals ICO - IC3. Thus, an interrupt request must be 
accompanied by the appropriate input at ICO - ICS. 

Observe that there is no interrupt acknowledge signal. 

For DMA operations, external logic requests access to the System Bus by inputting HOLD low. The CPU 
acknowledges the Hold request by outputting HOLDA high. 

LOAD is a nonmaskable interrupt. 

RESET is a typicai system Reset signal. However, TMS 9900 Reset logic uses the device's interrupt capabilities: 
therefore, we will describe the Reset operation in detail when discussing TMS 9900 interrupt capabilities in general. 


TMS 9900 TIMING AND INSTRUCTION EXECUTION 


TMS instructions execute as a sequence of machine cycles, each of which contains two clock periods. Clock 
periods are timed by four clock signals, 4)'!, 4)2, 4)3, and <^4, as illustrated in Figure 18-3. Note that 4)2 is the first 
phase of each clock period, and that 4)1 is the last phase. 


The simplest instruction execution machine cycle is an internal operations cycle. No external 
bus signals are active during this machine cycle, and no memory or I/O access occurs. Timing for 
an internal operations machine cycle will consist of two clock periods, as illustrated in 
Figure 18-3. 


MEMORY ACCESS OPERATIONS 

TMS 9900 memory access operations may consist of a memory read or a memory write. An instruction fetch is 
a minor variation of a memory read. 

Figure 18-4 illustrates memory read machine cycle timing. 

MEMEN goes low at the beginning of any memory access machine cycle and stays low for the entire maohine cycle. 


TMS 9900 

INTERNAL 

OPERATIONS 

MACHINE 

CYCLE 
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Figure 18-4. A TMS 9900 Memory Read Machine Cycle 
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DBIN goes high at the begi nning of the memory read machine cycle and stays high for the entire machine cycle. Exter- 
nal logic can therefore use MEMEN low as a memory address indicator while DBIN high identifies the read operation. 

A memory address is output stable on the Address Bus for the entire machine cycle. 

The Data Bus operations during a memory read rhachine cycle represent the only unusual characteristics of the 
machine cycle. Input data needs to be stable during the <I»1 high pulse of the second clock period. However, the Data 
Bus is connected to input logic for the entire memory read machine cycle and for a portion of the next machine cycle. 
Thus, during a memory read machine cycle, external logic cannot access the Data Bus to perform direct memory ac- 
cess, or any other operations, on the assumption that the Data Bus is free until Data In becomes stable. Moreover, since 
the Data Bus is held by data input logic of the CPU during the next machine cycle, a memory read machine cycle can- 
not be followed by a memory write machine cycle. A memory read machine cycle must be followed by an internal 
operations machine cycle, or by another memory read machine cycle. 

The only difference between an instruction fetch machine cycle and a memory read machine cycle is the fact that dur- 
ing an instruction fetch machine cycle, lAQ is output high, along with DBIN, for the duration of the machine cycle. 



Memory write machine cycle timing is illustrated in Figure 18-5. In this illustration, we see that data is output sta- 
ble on the Data Bus for the entire duration of the memory write machine cycle. The Data Bus is not held by output logic 
beyond this single machine cycle. Thus, no restrictions are placed on the type of machine cycle which can follow a 
memory write machine cycle. Even though data output is stable for the entire memory write machine cycle, the write 
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enable strobe WE does not go low until close to the end of the first clock period. In many cases it is easier to use NOT 
DBIN as a write control signal. Here is the necesselry logic; 


MEMEN 

DBIN 



' — 






WRITE 

READ 


TMS 9900 instruction execution machine cycle sequences are not always self-evident: therefore, let us look at 
some memory reference examples. 

Memory address computations make machine cycle sequences quite complex, particularly for two-operand instruc- 
tions. Fortunately, the exact machine cycle sequences are rarely of any consequence to you as a programmer or logic 
designer. The eventual number of machine cycles required to execute an instruction (and therefore its execution time) 
is important. 

Generally stated, instruction execution proceeds as follows: 

1) The instruction object code is fetched. 

2) The first operand address is computed. 

3) The second operand address (if there is one) is computed. 

4) Any operation that may be required is performed. 

5) If a result is generated, it is returned to the second operand address. 


TMS 9900 
INSTRUCTION 
EXECUTION 
SEQUENCES 


Let us look at operand address computations using the ADD instruction (A) as a general example. First consider the in- 
struction in its simplest form — where the contents of one register are added to the contents of another register: 




A 

R1,R2 

Cycle 

Type 

Figure 

Function 

1 

MEMORY READ 

18-4 

Fetch instruction object code 

2 

ALU 

18-3 

Decode instruction 

3 

MEMORY READ 

18-4 

Fetch R1 contents 

4 

ALU 

18-3 


5 

MEMORY READ 

18-4 

Fetch R2 contents 

6 

ALU 

18-3 

Add R1 and R2 contents 

7 

MEMORY WRITE 

18-5 

Store sum in R2 

' consider the same instruction's execution, but using implied memory addressing for the first operand 



A 

*R1,R2 

Cycle 

Type 

Figure 

Function 

1 

MEMORY READ 

18-4 

Fetch instruction object code 

2 

ALU 

18-3 

Decode instruction 

3 

MEMORY READ 

18-4 

Fetch R1 contents . . 

4 

ALU 

18-3 

Use R1 contents as a memory address (implied addressing) 

5 

MEMORY READ 

18-4 

Fetch contents of implied address location 

6 

ALU 

18-3 


7 

MEMORY READ 

18-4 

Fetch R2 contents 

8 

ALU 

18-3 

Add data fetched in cycles 5 and 7 

9 

MEMORY WRITE 

18-5 

Store sum in R2 
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If the second (destination) operand uses direct addressing, here is the machine cycle sequence: 




A 

*R1, ©LABEL 

Cycle 

Type 

Figure 

Function 

1 

MEMORY READ 

18-4 

Fetch instruction object code 

2 

ALU 

18-3 

Decode instruction 

3 

MEMORY READ 

18-4 

Fetch R1 contents 

4 

ALU 

18-3 

Use R1 contents as a memory address 

5 

MEMORY READ 

18-4 

Fetch contents of implied address location 

6,7,8 

ALU 

18-3 


9 

MEMORY READ 

18-4 

Fetch the second instruction object code word; it holds the direct address 

10 

ALU 

18-3 


11 

MEMORY READ 

18-4 

Fetch contents of directly addressed memory word 

12 

ALU 

18-3 

Add words fetched in cycles 5 and 1 1 

13 

MEMORY WRITE 

18-5 

Store sum in directly addressed memory word 

Indexed, direct addressing results in the following sequence: 



A 

*R1,@LABEL(5) 

Cycle 

Type 

Figure 

Function 

1 

MEMORY READ 

18-4 

Fetch instruction object code 

2 

ALU 

18-3 

Decode instruction 

3 

MEMORY READ 

18-4 

Fetch R1 contents 

4 

ALU 

18-3 

Use R1 contents as a memory address 

5 

MEMORY READ . 

18-4 

Fetch contents of implied address location 

6 

ALU 

18-3 


7 

MEMORY READ 

18-4 

Fetch the second instruction object code word; it holds the direct address 

8 

ALU 

18-3 


9 

MEMORY READ 

18-4 

Fetch R5, the Index register contents 

10 

ALU 

18-3 

Add direct address and index 

11 

MEMORY READ 

18-4 

Fetch contents of memory word addressed by cycle 10 addition 

12 

ALU 

18-3 

Add memory words fetched in cycles 5 and 1 1 

13 

MEMORY WRITE 

18-5 

Store sum in memory word addressed by cycle 10 addition 


If the first operand-implied address specified an auto-increment, we must add one more machine cycle: 



A 

*R1-f,@LABEL(5) 

Cycle 

Type 

Figure 

Function 

1 

MEMORY READ 

18-4 

Fetch instruction object code 

2 

ALU 

18-3 

Decode instruction 

3 

MEMORY READ 

18-4 

Fetch R1 contents 

4 

ALU 

18-3 

Increment fetched R1 contents 

5 

MEMORY WRITE 

18-5 

Write incremented R1 contents back to R1 

6 

MEMORY READ 

18-4 

Fetch contents of implied address location 

7 

ALU 

18-3 


8 

MEMORY READ 

18-4 

Fetch the second instruction object code word; it holds the direct address 

9 

ALU 

18-3 


10 

MEMORY READ 

18-4 

Fetch R5, the Index register contents 

11 

ALU 

18-3 

Add direct address and index 

12 

MEMORY READ 

18-4 

Fetch contents of rnemory word addressed by cycle 1 1 addition 

13 

ALU 

18-3 

Add memory words fetched in cycles 5 and 1 2 

14 

MEMORY WRITE 

18-5 

Store sum in memory word addressed by cycle 1 1 addition 

MEMORY 

SELECT LOGIC 



MEMEN discriminates between memory and I/O accesses, it is therefore very important that MEMEN low be a 
necessary component for any memory select. 

You can map I/O into the memory space of th e TMS 99 00. This is true of any microprocessor. Memory addresses that 
select I/O devices will, of course, also require MEMEN low as a contributor to I/O device select logic. 
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MEMEN as a contributor to select logic may be illustrated as follows: 
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SELECT TRUE ONLY IF 
MEMEN IS HIGH AND 
A12-A14 ARE 000 


MEMEN 
AO (LSB) 

A11 

A12 

A 14 (MSB) 


SELECT TRUE 
ONLY IF 
MEMEN 
IS LOW 


The three high-order address lines, A12, A13, and A14, are not used to address CRU bits. When addressing a CRU bit, 
these lines are all low. They are not low during execution of externally defined I/O instructions: therefore, A12, A13, 
and A14 low must be a prerequisite for any CRU bit select 

TMS 9900 I/O INSTRUCTION TIMING 

All TMS 9900 I/O instructions transfer serial data via the Communication Register Unit (CRU). (This excludes I/O which 
is addressed as TMS 9900 memory space.) 

There are four types of TMS 9900 I/O instructions. They are: 

1) Data input. Anywhere from 1 to 16 bits of data may be transferred from the CRU bit field to memory. 

2) Data output. This is the simple reverse of data input Anywhere from 1 to 16 bits of data may be output from 
memory to the CRU bit field. 

3) Bit test. Any bit in the CRU bit field may be tested. The tested bit is input and stored in the Equal bit of the Status 
register. Thence, condition branch instructions can be used to test the bit level. 

4) Externally defined I/O instructions. These instructions generate I/O control signals, but they transfer no data. 

Timing for CRU output and input machine cycles is illustrated in Figures 18-6 and 18-7, respectively. Each of 
these figures shows two bits of data being transferred. (You should not attach any special significance to this fact: de- 
pending on the instruction being executed, anywhere from 1 to 16 bits may be transferred.) CRU machine cycles are 
executed contiguously, one per bit. 
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Every CRU I/O instruction will require a memory reference machine cycle, together with one or more CRU machine cy- 
cles. For example, when an STCR instruction is executed to input data from the CRU to the CPU, the following 
machine cycle sequence will occur: 

Cycle Type Figure Function 


1 

MEMORY READ 

18-4 

2 

ALU 

18-3 

a Cycles, where 0 < a < 4 


3 + a 

MEMORY READ 

18-4 

4 + a 

ALU 

18-3 

5 + a 

MEMORY READ 

18-4 

6 + a 

ALU 

18-3 

7 + a 

ALU 

i Cycles 

CRU IN 

18-7 

8-i-a + i 

9 + a + i 

ALU 

ALU 

18-3 


r Cycles 


1 0 + a + i + r to 
1 2 -I- a + i + r 


ALU 



Fetch Instruction Code 

Decode Instruction 

Obtain Destination Address 

Fetch Destination Memory Word Contents 

Fetch R12 

Compute CRU Starting Address and Prepare 
Control Signals 

Input i CRU Bits 

Load CRU Bits in Temporary Register 

Fill Upper Bits of Byte or Word With Zeroes 
If i>8, r = 15-i; if i < 8, r = 7 - i 

Prepare to Store Memory Word 


13+a + i + r MEMORY WRITE 18-5 


Output Assembled Word to Memory Location Whoso 
Contents Were Fetched in Machine Cycle 3 + a 



Figure 18-6. Two TMS 9900 Output-to-CRU Machine Cycles 
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An LDCR instruction outputs a sequence of 1 to 16 data bits to a CRU bit fieid. Here is the LDCR instruction 
machine cycle sequence: 


Cycle 

Type 

Figure Function 

1 

MEMORY READ 

18-4 

Fetch instruction object code 

2 

ALU 

18-3 

Decode instruction 

Cycles where 0<a^4 

1 

; Obtain source address 

3+a 

4+a 

MEMORY READ 

18-4 

Fetch source memory word contents 

to 

7+a 

ALU 

18-3 

Prepare for data transmission 

8+a 

MEMORY READ 

18-4 

Fetch R1 2 

9+a 

ALU 

18-3 

Compute CRU starting address 

i Cycles 

CRU OUT 

18-6 

Output i bits to CRU 

10+a+i 

ALU 

18-3 

Machine cycle to conclude instruction 


The SBO and SBZ instructions set or reset an addressed CRU bit: in essence, these instructions output one data 
bit. Here is the machine cycle sequence via which the bit output occurs: 


Cycle 

Type 

Figure 

Function 

1 

MEMORY READ 

18-4 

Fetch instruction object code 

2 

ALU 

18-3 

Decode instruction 

3 

ALU 

18-3 

Decode instruction 

. 4 

MEMORY READ 

18-4 

Fetch R1 2 

5 

ALU 

18-3 

Compute CRU address 

6 

CRU OUT 

18-6 

Output to addressed CRU bit 


The TB instruction inputs one CRU bit; its timing is identical to the SBO and SBZ instructions, except that 
machine cycle 6 is a CRU IN machine cycle. 
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The Address Bus is used in an unusual way during a CRU machine cycle. As we have already stated, the CRU bit 

field is 4096 bits wide — addressed by 1 2 of the 1 5 Address Bus lines. The three high-order Address Bus lines are 
used to identify I/O control instructions, as defined in Table 18-1. We can conclude from Table 18-1 that when 
MEMEN is high and the three high-order Address Bus lines are all low, an I/O transfer is occurring. Otherwise, one of 
five externally defined I/O control instructions is being executed. There are dedicated functions for these five I/O con- 
trols in TM 990 minicomputer systems; these are shown in Table 18-1. But to anyone who is simply building a 
microcomputer system around a TMS 9900, these five I/O states are undefined. Thus, Figure 18-8 illustrates TMS 
9900 systems' bus utilization during both CRU operations and externaily defined i/0 operations, if CRU SEL and 
MEMEN are high, CRU Seiect iogic wiil be active. 


Table 18-1. High-Order Address Bus Line Used by TMS 9900 I/O Instructions 


INSTRUCTION 

MNEMONIC 

INSTRUCTION 

TYPE 

(MSB) 

A14 

A13 

A12 

FUNCTION 


LDCR 

Output 

0 

0 

0 

Output data to CRU 


SBO 

Output 

0 

0 

0 

Set CRU bit to 1 


SBZ 

Output 

0 

0 

0 

Reset CRU bit to 0 


STCR 

1 nput 

0 

0 

0 

Input data from CRU 


TB 

Test (Input) 

0 

0 

0 

Input CRU bit to Equal status bit I 

IDLE 

Control 

0 

1 

0 

Enter HALT condition 


RSET 

Control 

0 

1 

1 

Reset the Interrupt mask 1 

CKOF 

Control 

1 

0 

1 

Real time clock on ^ 

These are 

CKON 

Control 

1 

1 

0 

Real time clock off 

TM 990 uses. 

L Instructions 

LREX 

Control 

1 

1 

1 

Execute bootstrap 

> 

' are undef 1 ned 
in a TMS 9900 
system. 


Externaliy defined instructions output 0 on the 12 low-order Address Bus lines, AO - A1 1; in addition, CRUCLK 
puises are output as part of the instruction executions. 

CRUCLK is an active CRU output strobe oniy. This signal pulses high whenever a valid level is present on the 
CRUO UT signal line. There is no puise for CRUIN. External logic must generate its own strobe if it is needed, by com- 
bining MEMEN high with a valid bit pattern on the Address Bus. 

CRU instructions that test the level of a bit are. to external logic, no different from CRU input instructions. External logic 
is required to return, via CRUIN the level of the selected bit. The fact that the CPU interprets this input as status, rather 
than data, is immaterial to external logic. 

THE WAIT STATE 

Additional Wait State clock periods may be inserted between clock periods 1 and 2 of any memory access machine cy- 
cle. Timing is illustrated in Figure 18-9. At the rising edge of <J>1 of clock period 1, the CPU samples the FiEADY input 
signal. If this signal is low, then the next clock period is a Wait clock period. During a Wait cycle, the WAIT output sig- 
nal is high; all other output signals hold the levels they had during clock period 1. 

A Wait State can last for any number of clock periods. During the 4>1 high pulse of every Wait clock period, the CPU 
samples the level of the READY input. As soon as READY is sampled high, the Wait State ends. The next clock period 
becomes clock period 2 of the machine cycle, and the memory operation is completed. 
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Figure 18-9. The TMS 9900 Wait State 
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THE HOLD STATE 

The TMS 9900 has a typical microcomp uter Ho ld State, used to enable direct memory access operations. Exter- 
nal logic initiates a Hold State by inputting HOLD low. At the beginning of the next non mem ory reference machine cy- 
cle, the CPU floats its Address and Data Busses, together with the DBIN, MEMEN and WE control signals. HOLDA is 
output high as a Hold Acknowledge. Timing is illustrated in Figure 18-10. 



The Hold State lasts until external logic raises HOLD high again. 

It is up to external logic to perform all operations associated with a DMA transfer. The CPU simply floats the 
System Bus in response to a Hold request. As soon as the TMS 991 1 device is available, this will be the part of 
choice to use in all TMS 9900 microcomputer systems that use direct memory access logic. Any of the other 
DMA devices described in Volume 3 may also be used. 

The only nonobvious aspect of Figure 18-10 is the fact that Data Bus timing, during normal instruction execution, 
differs from other System Bus signal timing. Figure 18-10 highlights this fact by showing the Data Bus floating at 
the beginning of the first HOLD clock period, while other signals float earlier in the preceding clock period. This is not a 
particularly significant event. The entire System Bus is floating once the HOLD clock' period has begun. However, the 
actual tristate condition for any signal begins at that point in the preceding clock period when the signal is no longer 
being driven by current operations. 

THE HALT STATE 

The TMS 9900 IDLE I/O instruction generates a Halt State. Wheri this instruction is executed, the CPU suspends all 
progra m execut ion and intern al op eration s. You must terminate the Idle condition with an interrupt request or a low 
LOAD or RESET input. (LOAD and RESET are treated as interrupts as we will describe soon.) 

The TMS 9900 CPU does not relinquish the System Bus while halted. That is to say, after an IDLE instruction has 
been executed, no System Bus lines are floated. 
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The IDLE instruction is usually executed when program logic requires that the CPU wait for an interrupt, or when exter- 
nal logic is computing a real-time interval — which will be terminated with an interrupt request. 

You can, if you wish, initiate a DMA transfer by executing an IDLE instruction. In order to do this, you must 
create a HOLD request from the Address Bus output characteristic of the IDLE instruction's execution. This may 
be illustrated as follows: 


A14 

A13 

AJ2 

crucl'k 



Q + 5V 



HOLD 
HOLDA 


► A14 (MSB) 

► A13 

► A12 
CRUCLK 


END HOLD 


HOLDA 


As illustrated above, the combination of 01 0 on the three high-order Address Bus lines, along with the CRUCLK pulse, 
identifies the IDLE instruction. Since the process of floating the System Bus, will remove the conditions which gener- 
ated a Hold request, these conditions are used to clock a flip-flop. Thus, external logic which receives the Hold 
acknowledge signal and takes control of the System Bus must subsequently reset the Hold request flip-flop in order to 
remove the Hold condition That is to say, program logic can begin a Hold state within a Halt state, but it cannot 
end this combination. Two steps are needed to terminate a Hold within a Halt. The Hold request must be 
removed, then an interrupt request must follow to terminate the Halt. 

TMS 9900 INTERRUPT PROCESSING LOGIC 


The TMS 9900 has complex and capable interrupt processing logic. Sixteen levels of external interrupt are 
available. Sixteen software interrupts are also available. Fifteen of the sixteen external interrupts are maskable; the 
nonmaskable interrupt has highest priority and is the system Reset interrupt. There is, in addition, a non-maskable Load 
interrupt. External interrupts may be summarized as follows: 


LOAD 

RESET 


Maskable 
Levels of 
External 
Interrupt 


Priority 

0 

/ Priority 

1 

I Priority 

2 

1 Priority 

3 

1 Priority 

4 

1 Priority 

5 

1 Priority 

6 

1 Priority 

7 

K Priority 

8 

Priority 

9 

Priority 

10 

Priority 

11 

Priority 

12 

Priority 

13 

Priority 

14 

^ Priority 

15 


Non-maskable, Equal Highest 
Priority Interrupts 


Lowest Priority Interrupt 
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External logic identifies the priority of its interrupt request via the ICO, IC1, IC2, and ICS inputs, as follows: 


ICO 

IC1 

IC2 

IC3 

Priority 

0 

0 

0 

0 

Should not be input by external logic - highest external 

0 

0 

0 

1 

1 ' 

0 

0 

1 

0 

2 

0 

0 

1 

1 

3 

0 

1 

0 

0 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

1 

0 

0 

0 

8 

1 

0 

0 

1 

9 

1 

0 

1 

0 

10 

1 

0 

1 

1 

11 

1 

1 

0 

0 

12 

1 

1 

0 

1 

13 

1 

1 

1 

0 

14 

1 

1 

1 

1 

15 lowest external 


Softwa re i nterrup ts are executed via the XOP instruction. There are, in addition, instructions that parallel the 
RESET and LOAD interrupts. We will describe these instructions in due course. 


Each one of the external interrupts has two dedicated memory words via which vectoring is 
enabled following an interrupt acknowledge. Figure 18-1 1 illustrates the memory map asso- 
ciated with interrupt vectoring. The memory addresses in Figure 18-1 1 are byte addresses as 
seen by the programmer. Remember, the low-order bit of the address shown in Figure 18-1 1 is not 
output on the Address Bus; therefore, you must divide the memory addresses shown in Figure 18-1 1 by 2 in order to 
generate the address which will be seen by external memory. 

The merriory words dedicated to interrupt vectoring, as illustrated in Figure 18-11, can be read-only memory, 
read/write memory, or any combination of the two. Obviously, read-only memory will be used in applications that have 
dedicated interrupt service routines for specific interrupt requests. Read/write memory might be used in minicom- 
puter-type applications where the interrupt response will depend on the application being serviced. 

Interrupt masking and priorities apply only to external interrupt requests. Interrupt masking priorities cannot be 
applied to software interrupts (the XOP instruction). Since program logic must generate the software interrupt, pro- 
gram logic can equally be relied on to know which software interrupt is to be executed, and whether the software inter- 
rupt is allowed by current program logic. That is to say. from the programmer's viewpoint, a software interrupt is simply 
the consequence of an XOP instruction’s execution; you, as a programmer, can include an XOP instruction anywhere in 
a program, within or outside an interrupt service routine. XOP instructions might be used in response to error condi- 
tions, or to call any frequently used subroutines. 

Let us begin by looking at the way in which external interrupts are processed. 

Any external device wishing to request an interrupt must pull the INTREQ input low while simultaneously plac- 
ing a 4-bit code at the ICO - ICS inputs. The CPU will acknowledge the interrupt, provided that its priority, as 
identified by the ICO - ICS inputs, is enabled. The interrupt will be acknowledged at the conclusion of the cur- 
rently executing instruction. The BLWP and XOP instructions are exceptions; for the integrity of program logic, 
they demand that the next sequential instruction be executed. Therefore, if an interrupt request occurs while either of 
these two instructions is being executed, the interrupt will not be acknowledged until this instruction and the next in- 
struction have been executed. 


TMS 9900 
INTERRUPT 
VECTOR MAP 


18-27 




AREA DEFINmON 


INTERRUPT VECTORS 


XOP SOFTWARE TRAP VECTORS 


GENERAL MEMORY FOR 

program, data, and 

WORKSPACE REGISTERS 


LOAD SIGNAL VECTOR 


MEMORY MEMORY WORD CONTENT 
ADDRESS.. 


r 




0000 

0002 

0004 

0006 


003C 


003E 

r 


0040 

0042 


007C 

007E 

0080 


FFFC 

FFFE 


WP LEVEL 0 INTERRUPT 

PC LEVEL 0 INTERRUPT 

WP LEVEL 1 INTERRUPT 

PC LEVEL 1 INTERRUPT 

1 

1 

WP LEVEL 15 INTERRUPT 

PC LEVEL 15 INTERRUPT 

WP XOP 0 

PC XOPO 

1 

1 i 

1 1 

1 

WP XOP 15 

PC XOP 15 


• 

• 

GENERAL MEMORY AREA 
MAY BE ANY 

COMBINATION OF 

PROGRAM SPACE 

OR WORKSPACE 

• 

• 

9 


WP LOAD FUNCTION 

PC LOAD FUNCTION 


Figure 18-11. IMS 9900 Memory Map 

When an interrupt is acknowledged, the following machine cycles are executed: 


Cycle 

Type 

Figure 

Function 

1 

ALU 

18-3 


2 

MEMORY READ 

18-4 

Move new WP register contents from vector word to temporary storage 

3 

ALU 

18-3 


4 

MEMORY WRITE 

18-5 

Store status in new R15 

5 

ALU 

18-3 

Store ICO - ICS levels in four low-order Status bits 

6 

MEMORY WRITE 

18-5 

Store incremented PC in new R14 

7 

ALU 

18-3 


8 

MEMORY WRITE 

18-5 

Store old WP register contents in new R13 

9 

ALU 

18-3 


10 

MEMORY READ 

18-4 

Fetch new PC contents from vector word 

11 

ALU 

18-3 

Fetch new WP contents from temporary storage 


Vector words are illustrated in Figure 18-11. 
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At the conclusion of the interrupt acknowledge sequence listed above, the priority of the 
acknowledged interrupt request, less one, is recorded in the four low-order Status register bits. 

Thus, subsequent interrupt requests will be acknowledged only if their priority is higher than that 
of the interrupt being serviced. That is to say, whenever an interrupt request occurs, CPU logic 
compares the levels input at ICO - ICS with the levels present in the four loyv-order Status register 
bits. If ICO - ICS is not greater than the mask, then the interrupt request will be acknowledged. If ICO - ICS is higher, 
then the interrupt request will not be acknowledged. Thus, in the normal course of events, TMS 9900 interrupt 
priority logic disables all interrupts of equal or lower priority than an acknowledged interrupt, while leaving high- 
er priority interrupts enabled. Priorities are maintained for the duration of the interrupt service routine. This is il- 
lustrated in the following figure, which you should read in the sequence @-(b)-(c)-(d)-(e)-@- 
© : 


TMS 9900 
NESTED 
INTERRUPT 
PRIORITIES 



The interrupt priority arbitration logic of the TMS 9900 is exceptional among microcomputers. Most microcomputers 
arbitrate priorities at the instant interrupts are being acknowledged, and once an interrupt has been acknowledged, all 
interrupts are disabled. That is to say, interrupt priorities apply only during the acknowledge process. In contrast, the 
TMS 9900 maintains interrupt priorities for the duration of the interrupt service routine, as illustrated above. 

The net effect of the interrupt response steps illustrated above is to perform a context switch while disabling all inter- 
rupts that have the same priority as the acknowledged interrupt, or that have a lower priority. 

There are some very important and nonobvious advantages to initiating an interrupt service routine with a con- 
text switch. 

Since the 16 new memory locations that will be used as general purpose registers may lie anywhere in read/write 
memory, you can store parameters that will be used by the interrupt service routine, in advance of the interrupt, in 
those memory locations that are ultimately to serve as general purpose registers for the duration of the interrupt service 
routine. 

You can, if you wish, modify the interrupt priority scheme that will control nested interrupts. As we have already 
stated, if you do nothing about interrupt priorities, Then any interrupt Service routine may be interrupted by a higher 
priority external interrupt, but not by an external interrupt that has the same priority or a lower priority. 

If you wish to eliminate nested interrupts entirely, then the first instruction executed within an interrupt service routine 
must be an LIMI 0 instruction (Load Int errupt Ma sk Imm ediate), which clears the four low-order Status register bits, 
thus disabling all maskable interrupts. A RESET or LOAD interrupt — or a level 0 external interrupt request — will still 
be acknowledged; these should be alarm conditions and not part of the normal interrupt logic of any microcomputer. 
You can execute variations of the LIMI instruction to increase or decrease the levels of priority that will be masked for 
the duration of any interrupt service routine (or for that matter, any subsequent instruction within the interrupt service 
routine) can load appropriate data into the four low-order bits of the Status register, thus changing the priority level at 
which all subsequent interrupt requests will be disabled. 
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All interrupt service routmes should end with an RTWP (Return Workspace Pointer) instruction. The RTWP in- 
struction performs a reverse context switch, which puts the central processing unit back to the logical environment 
which was interrupted. Observe that since the Status register is also saved during a forward context switch, the return 
instruction will restore whatever level of interrupt priorities existed at the instant the interrupt was acknowledged. You 
can, of course, modify the contents of General Purpose Registers R13, R14, and R15 in the course of an interrupt ser- 
vice routine’s execution. This allows program logic to alter the conditions that will be restored when the return instruc- 
tion executes a reverse context switch. 

The TiyiS 9901 PSI, which we describe later in this chapter, provides multiple interrupt handling for TMS 9900 
series CPUs. If your system does not include a TMS 9901. then external hardware required to support multipie 
interrupts in a TMS 9900 microcomputer system will not be as straightforward as the software response. 

First of all, we must cope with the fact that if mor e than o ne interrupt request occurs 
simultaneously, then there will be competition on the INTREQ input, but th ere will also be 
competition at the four priority inputs, ICO - ICS. Resolving competition on the INTREQ input is 
no problem; you can wire-OR interrupt requests from many devices to create the CPU input. 

But your external logic must make sure that only the highest priority combination of ICO - ICS 
appears at the TMS 9900 inputs. One method of doing this is to use latched decoders that 
create a 4-bit output corresponding to the highest level input, provided that the decoder is enabled by a latching sig- 
nal. This may be illustrated functionally as follows; 


TMS 9900 

MULTIPLE 

INTERRUPT 

HARDWARE 

CONSIDERATIONS 



In the illustration above,, 15 external interrupt requests are input to a decoder. These interrupt request s are hig h true. 
The 15 interrupt requests are buffered, inverted, and wire-ORed to create the master interrupt request INTREQ, which 
is input to the CPU. This master interrupt request also enables the decoder. That is to say, when the enable input to the 
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decoder is high, the four outputs, ICO - IC3 will be low. When the enable input to the decoder is low, ICO - IC3 will out- 
put a 4-bit value as follows: 
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0 
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* 

* 

* 

* 

He 

He 

He 

* 

He 

He 

He 

0 

0 

1 

1 

0 

0 

1 

* 

* 

* 

* 

* 

He 

He 

He 

He 

He 

He 

He 

0 

1 

0 

0 

0 

0 

0 

1 

* 

* 

* 

He 

He 

He 

He 

He 

He 

He 

He 

0 

1 

0 

1 

0 
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0 

0 
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* 
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He 

He 

He 

He 

He 

He 

He 
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1 

1 

0 

0 

0 
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1 

* 
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He 

He 

He 

He 

He 

He 

He 

0 

1 

1 

1 

0 

0 

0 

0 

0 
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He 

He 

He 

He 

He 

He 

1 

0 

0 

0 
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0 

0 

0 

0 

0 
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He 

He 

He 

He 

He 

He 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

He 

He 

He 

He 

He 

He 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

He 

He 

He 

He 

He 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

He 

He 

He 

He 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

He 

He 

He 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

He 

He 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

* 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 


* REPRESENTS A "DON'T CARE" BIT 


If you do not use the TMS 9901. Texas Instruments suggests the following circuit to accomplish priority encoding: 


+5V 



INT 1 (HIGHEST 
• PRIORITY) 


INT 7 


INT 8 


INT 15 (LOWEST 
PRIORITY) 
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External logic must maintain its interrupt request until it receives its own specific interrupt acknowiedge. This 
need is obvious, since an interrupt request may be denied for a long time while higher priority interrupts are being ser- 
viced. 

The problem is that the TMS 9900 has no interrupt acknowledge signals. 

Interrupt acknowledge signals can be generated in one of two ways: 

1) By using CRU bit instructions to set and reset external flip-flops that create interrupt acknowledge signals. 

2) By decoding appropriate addresses on the Address Bus. 

Figure 1 8-1 2 iilustrates two possibie configurations that wiil allow CRU bit set and reset instructions to gener- 
ate interrupt acknowledge signals. The logic in Figure 18-12A generates a short interrupt acknowledge pulse. 
CRUOUT . becomes the input to a flip-flop which is decoded to generate CRU select si gnals . The CRU bit select and 
MEMEN are gated to the flip-flop's Clear input. Therefore, when CRU bit "n" is selected, CLR is removed and CRUOUT 
can be clqcked through. A set bit (SBO) instruction switches the flip-flop on. As soon as the flip-flop address is removed 
at the end of the CRU I/O machine cycle, the flip-flop is cleared, thus terminating the interrupt acknowledge pulse. 

The logic illustrated in Figure 1 8-1 2A requires that you execute an SBO instruction at the beginning of every interrupt 
service routine in order to generate an interrupt acknowledge. You could require every interrupt service routine to con- 
trol the length of the interrupt acknowledge pulse by executing an SBZ instruction to terminate the pulse. Figure 
1 8-1 2B shows logic to implement this scheme. When the flip-flop is selected by the appropriate CRU address, CRUCLK 
will clock CRUOUT to INT ACK n. At other times. CRUCLK will merely clock the flip-flop's output through, thus making 
no change. In this way, only SBO and SBZ instructions which address INT ACK n can set or reset the flip-flop. 

Figure 18-13 illustrates generation of an interrupt acknowledge signal by identifying specific addresses on the 
Address Bus. Following any interrupt acknowledge, specific memory locations will be accessed, as identified in Figure 
18-11, in order to fetch the new values for the Progra m Counte r and WP register. Figure 18-13 shows a very simple 
scheme whereby Address Bus lines are combined with MEMEN low to generate high pulses for the duration of a valid 
address. That is to say, the interrupt acknowledge signal will last for one machine cycle — the time that the valid ad- 
dress exists on the Address Bus. 

External logic which requested an interrupt removes its interrupt request and priority signals upon receiving an 
interrupt acknowiedge. 
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@ 


Figure 18-12. A TMS 9900 Interrupt Acknowledge Pulse Generated Using an SBO Instruction 




Figure 18-13. TMS 9900 Interrupt Acknowledge Generated by Decoding Valid Addresses 
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THE TMS 9900 RESET 

You reset the 9900 microcomputer s ystem b y inputting a low RESET signai. This signai must remain low for at 
least 3 clock periods. When the low RESET signal is removed, the following machine cycle sequence is ex- 
ecuted: 


Cycle 

Type 

Figure 

Function 

1 

ALU 

18-3 

Prepare for Level 0 interrupt 

2 

ALU 

18-3 


3 

ALU 

18-3 


4 

MEMORY READ 

18-4 

Fetch new WP register contents from memory word 0000i@ to temporary 
storage 

5 

ALU 

18-3 


6 

MEMORY WRITE 

18-5 

Store Status register contents in new R15 

7 

ALU 

18-3 


8 

MEMORY WRITE 

18-5 

Store Program Counter contents in new R14 

9 

ALU 

18-3 


10 

MEMORY WRITE 

18-5 

Store old WP register contents in new R13 

11 

ALU 

18-3 


12 

MEMORY READ 

18-4 

Fetch new Program Counter contents from memory word 0001 10 

13 

ALU 

18-3 

Load WP register from temporary storage 


Thus, program execution begins with a program whose starting address is stored in memory word 1. The starting ad- 
dress for the 16 general purpose registers is stored in memory word 0. 

The TMS 9900 has a Reset instruction (RSET). In reality, this instruction resets only the interrupt mask in the Status 
register; it also outputs a code on the Address Bus. as identified in Table 18-1 and illustrated in Figure 18-8. TM 990 
minicomputer systems use this signal to generate a program-initiated Reset. If you are designing your own TMS 9900- 
based microcomputer system, you are free to use the RSET instruction in any way. 

THE TMS 9900 LOAD OPERATION 

The LOAD input to the TMS 9900 is a non-maskable, highest priority interrupt. Load must be input low for at 
least o ne instr uction's duration. Since the length of an instruction can vary, you must use the lAQ signal to con- 
trol the LOAD input pulse width. Texas Instruments' literature recommends the following circuit: 


TMS 

9900 


+5V 


lAQ 




LOAD 


EXTERNAL LOAD 
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The CPU checks LOAD at the end of each instruction’s execution. 


After a valid LOAD input has been acknowledged, the following machine cycle sequence is executed: 


Cycle 

Type 

Figure 

Function 

1 

ALU 

18-3 


2 

MEMORY READ 

18-4 

Input new WP register contents from memory word 7FFEi0 to temporary 
storage 

3 

ALU 

18-3 


4 

MEMORY WRITE 

18-5 

Store in new R15 

5 

ALU 

18-3 


6 

MEMORY WRITE 

18-5 

Store incremented Program Counter contents in new R14 

7 

ALU 

18-3 


8 

MEMORY WRITE 

18-5 

Store old WP register contents in new R13 

9 

ALU 

18-3 


10 

MEMORY READ 

18-4 

Input new Program Counter contents from word 7FFF-|0 

11 

ALU 

18-3 

Load WP register from temporary storage 

There are two differences between Reset and Load. First, the RESET input provides a true hardware reset, syn- 


chronizing internal operations, as well as a level 0 interrupt; LOAD provides only a non-maskable interrupt. Sec- 
ond, the Reset vector in bytes 0 through 3, while the Load vector is in bytes FFFC-ig through FFFFi@. 


In TM 990 minicomputer systems, the LREX instruction is frequently used as a software load. Output due to 
LREX is identified in Table 18-1 and Figure 18-8. In a TMS 9900 microcomputer system, you can use the LREX 
signai in any way. 

THE TMS 9900 INSTRUCTION SET 

© The TMS 9900 instruction set is extremeiy powerful when compared to any 1 6-bit microprocessor described in 
this book. When you consider that the TMS 9900 was first manufactured in 1976, the power of this instruction 
set becomes more impressive. 

With regard to instructions described in Table 18-2, some explanations are required. 

The ABS instruction converts the contents of a memory location to their absolute value. That is to say, this instruction 
assumes that the memory location contains a signed binary number. If the number is positive, nothing happens. If the 
number is negative, the twos complement of the number is taken. 

A number of instructions act on specific bits within source and destination memory words. These include the SOC, 
SOCB, SZC, SZCB, COC, and CZC instructions. In the OPERATION PERFORMED column of Table 18-2, the word 
"corresponding" means that the source word bits are affected only if selected by the destination word bit pattern. For 
example, the SOC instruction will be interpreted as follows: 


Source; 

Destination: 

o o 

110 1 

10 0 1 

0 0 

0 1 

1 

0 

o o 

1 

0 

. V ' 0 1 
-0 1 0 

After SOC: 

1 0 1 

1 1, 0 1 

0 1 

1 

1 . 0 

1 

1 1 1 


This is equivalent to an OR operation. 


Here are the new destina- 
tion contents. 


The SOCB instruction is identical to the SOC instruction, except that only one byte is affected. This may be any memo- 
ry byte or the high-order byte of a general purpose register. 

The SZC instruction may be illustrated as follows: 


Source: 1 ; 

0 1 0 

0 1 

1 

0 1 

0 

1 

1 1 

0 0 

1 

Destination: _0_ 

1 0 1 

1 0 

1 

1 1 

0 

1 

0 1 

1 0 

1 

After SZC: 0 

1 0 1 

1 0 

0 

1 0 

0 

0 

0 0 

1 0 

0 
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This is equivalent to complementing the source operand and then ANDing the two operands. The SZCB instruction is 
identical to the SZC instruction, except that only one byte is affected. 

The COC instruction compares Source Register 1 bits with general purpose register bits that happen to be in the same 
bit positions. If all corresponding general purpose register bits are also 1, then the Equal status is set. Matches are not 
significant in bit positions if the source register bit is 0. 

The CZC instruction operates in the same fashion as the COC instruction, except that those source memory word bits 
that are 0 become significant. That is to say, if every source memory word 0 bit has a corresponding Workspace 
register 0 bit, then the Equal status is set. Matches are not significant in bit positions if the source register bit is 1. 

The BLWP instruction is a subroutine call accompanied by a context switch. The operand memory address identifies 
the first of two memory words within which the new WP register and Program Counter contents will be stored. 

The BLWP instruction is remarkably powerful. The subroutine call and passing parameters to the subroutine become a 
single operation. The memory words that are to serve as subroutine general purpose registers can be used as general 
data memory locations prior to the subroutine call. Thus, the subroutine finds its registers pre-loaded with data when it 
starts executing. 

The RTWP instruction should be used to return from a subroutine that is called by the BLWP instruction. 

One-bit position arithmetic shifts may be illustrated as follows; 


Right Shift Left Shift 

1011010110100110 
1 1 0 1 1 0 1 0 1 1 0 1 0 0 1 1 Lost 

A one-bit-position logical right shift may be illustrated as follows: 


1011010110100110 

!t 0 1 1 0 1 0 1 1 0 1 0 0 1 1 0 0^ . 

Inserted 


Inserted 




0101101011010011 Lost 


A one-bit right rotate (Shift Right Circular) may be illustrated as follows: 


15 14 13 12 11 10 9 8 7 6 54 3 2 1 0 



You can specify any number of bits, from 1 to 15. as the number of bit positions for any TMS 9900 shift or rotate in- 
struction. If you specify 0 for the bit count, then the actual bit count is taken from the four low-order bits of general pur- 
pose Register RO. If these four low-order bits are 0000, then the bit count is assumed to be 16. 
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The following symbols are used in Table 18-2: 


AG 

C 

CNT 

CRUA 

d 


DATA4 
DATA 16 
DISP 
EQ 
G 
LG 
OP 
OV 
PC 

© R 

Rxx 

S 

ST 

WP 

x<y,z> 
[ ] 


/ 

A 

V 

-V- 


Arithmetic Greater Than status 

Carry status 

4-bit count field 

CRU base address from R12 

Destination memory word. There are five possible options for the destination memory word. They are 
represented by these combinations of addressing modes: 

Workspace Register D 

Implied through Workspace Register D 

Direct address 

Direct, indexed address 

Implied through Workspace Register D, auto-increment Workspace Register D 

4-bit data unit 

16-bit data unit 

8-bit signed displacement 

Equal status bit of Status register 

Both the AG and LG statuses 

Logical Greater Than status 

Odd Parity status 

Overflow status 

Program Counter 

Any of the 16 Workspace registers 

Workspace register. For example, R15 is Workspace Register 15 

Source memory location. Addressing options identical to destination memory location 

Status register 

Workspace Pointer register 

Bits y through z of the quantity x. For example, ([S] * [R])<31,16> represents the high-order word of 
the product of the contents of the Source Register S and the Workspace Register R. 

Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, 
then the designated register's contents are specified. If a memory address is enclosed within the brackets, 
then the contents of the addressed memory location are specified. 

Multiplication 
Division 
Logical AND 
Logical OR 
Logical Exclusive-OR 

Data is transferred in the direction of the arrow 


Linder the heading of STATUSES in Table 18-2, an X indicates statuses which are modified in the course of the instruc- 
tion's execution. If there is no X, it means that the status maintains the value .it had before the instruction was ex- 
ecuted.- 

Byte-operand instructions will affect half of a 16-bit memory word. If the word is accessed as a general purpose 
register, then only the high-order byte will be affected. If the word is accessed as non-register memory, then 
the byte affected is determined by the least significant bit of the 16-bit address: 0 selects the high-order byte; 
1 selects the low-order byte. 
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Table 18-2. TMS 9900 Instruction Set Summary 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

G 

m 

B 


B 

_ 


LDCR 

S.CNT 

mm 

X 

X 

■ 

■ 

D 

m 

t CRUA] — I S <CNT- 1 .0 > ] 









■ 


Transfer the specified number of bits from source memory word to the CRU. 


STCR 

D.CNT 


X 

X 

1 

1 

H 

II 

( D <CNT- 1 .0 > ] — [ CRUA] 









H 


Transfer the specified number of bits from the CRU to destination memory word. 


SBO 

DISP 




1 

1 

■ 

1 

(CRUA + DISPI—I 









■ 


Set bit in CRU to 1. 


SBZ 

DISP 




1 

1 

■ 

1 

[CRUA + DISPl^O 











Set bit in CRU to 0. 


TB 

DISP 



X 

1 

1 

1 

1 

If [CRUA + DISP] =0. then [EQ] = 1; or else [EQ1'=0 




■1 



■ 

■ 

■ 

■ 

Test bit in CRU. 

UJ 

>- >- o 

MOV 

S,D 

n 

D 

D 

■ 

■ 

■ 

B 

[D]-[S] 

OC CC z 




H 






16-bit move contents of source memory word to destination memory word. 

S S 

^ n 1 U 

MOVB 

S,D 


H 

H 

m 

1 


m 

[D]-IS] 

C S u. 

0. S Ul 

QC 



Wm 

II 

H 

m 

■ 

■ 

■ 

8-bit move contents of source memory byte to destination memory byte. 


A 

S,D 


H 

D 

B 

X 


B 

[D]— [S]+[D] 






H 





16-bit add contents of source memory word to contents of destination memory word. 


AB 

S.D 


X 

H 

X 

X 

X 

1 

[D1-IS1+ [D] 






H 





8-bit add contents of source memory byte to contents of destination memory byte. 

Ul 

1- 

S 

S,D 


X 

D 

X 

X 


m 

[D]-[D]-[S] 

tr 





■i 





16-bit subtract contents of source memory from contents of destination memory word. 

0. 

SB 

S.D 

2 

X 

X 

X 

X 

X 


[D]-[D]-[S] 

> 










8-bit subtract contents of source memory byte from contents of destination memory byte. 

QC 

o 

C 

S.D 

2 

X 

X 





Set status flags based on 16-bit comparison of source and destination memory word contents. 

i 

CB 

S.D 

2 

X 

X 



X 


Set status flags based on 8-bit comparison of source memory byte contents and destination 

s 










memory byte contents. 

LU 

XOR 

S.R 

2 

X 

X 





[RlMSlA/lRl 

z 










Exclusive-OR contents of source memory word with Workspace Register R. 

Ui 

QC 

MPY 

S.R 

2 







[Rl— t{[S]*[R])<31.16>] 

u. 










[R+1]— [([S]*[R])<15.0>] 

QC 










Multiply the contents of source memory word by contents of Workspace Register R. Store most 

QC 










significant word of result in R. Store least significant word of result in Workspace Register R + 1 . 

o 

s 

DIV 

S.R 

2 




X 



[R]— ([R.R + 1]/[S]Xquotient) 

UJ 










[ R + 1 ] — ( [ R.R + 1 1/ [SlXremainder) 











Divide the 32-bit quantity represented by R (high-order word) concatenated with R + 1 (low 

QC 










order) by the contents of the source memory word. Store the quotient in R. the remainder in 

a 










R + 1 and set overflow if quotient will exceed 16 bits. 

o 

INC 

D 

2 

X 

X 

X 

X 



[D]-[D] + 1 

m 










Increment contents of memory word by 1. 


INCT 

D 

2 

X 

X 

X 

X 



[D]— [D] + 2 











Increment contents of memory word by 2. 


DEC 

D 

2 

X 

X 

X 

X 



[D1-[D]-1 











Decrement contents of memory word by 1 . 


•OP status is affected only if between 1 and 8 bits are transferred. 
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Table 18-2. TMS 9900 Instruction Set Summary (Continued) 








STATUSES 


TYPE 

MNEMONIC 

OPERANDIS) 

BYTES 




D 

la 

D 


m 








DECT 

0 

2 

X 

X 

X 

X 



[D]-[D]-2 











Decrement contents of memory word by 2. 


CLR 

D 

2 







[Dl— OOOO^g 

Clear the destination memory word. 

UJ 










z 

SETO 

D 

2 







[Dl^FFF^g 

Set all bits of memory word. 

2 










O 

O 

INV 

D 

2 

X 

X 





(D]-[D] 

_ 










Ones complement the destination memory word. 


NEC 

D 

2 

X 

X 

X 

X 



,[D]— [d1+ 1 

C 










Twos complement the destination memory word. 

CL 

o 

ABS 

D 

2 

X 

X 

X 

X 



[Dl-I [D]| 

>• 










Take the absolute (unsigaed) value of the destination memory word’s contents. 

o 

s 

SWPB 

D 

2 







tD<15.8>]' •[D<7.0>] 

Ui 










Exchange the high and low bytes of the memory word. 

LU 

U 

SOC 

S.D 

2 

X 

X 





If [S<i>3=1, then [D<i>l“1 










Set the bits in the destination memory word that correspond to Is in the source memory word 

UJ 










for all 16 bits. 

UJ 

SOCB 

S,D 

2 

X 

X 



X 


If [S<i>]=1, then [D<i>]— 1 

UJ 

oc 










Set the bits in the destination memory word that conespond to Is in the source memory word 

- > 










for 8 bits. 

o 

SZC 

S.D 

2 

X 

X 





If CS<i>]=1. then [D<i>]— p 

s 

UJ 










Clear the bits in the destination memory word that conespond to Is in the source memory word 

s 










for all 16 bits. 

> 

oc 

SZCB 

S.D 

2 

X 

X 



X 


If [S<i>]=1. then [D<i>] — b 

•< 

a 










Clear the bits in the destination memory word that conespond to Is in the source memory word 

2 

o 










for 8 bits. 

o 

UJ 

COC 

S.R 



X 





lfforall IS<i>] = 1. [R<i>]=1. then [EQl^l 

0) 










If the bits in the Workspace Register R that conespond to the set bits in the source memory 
word are all Is. set the EQUAL status. 


CZC 

S.R 

2 


X 





If for all [S<i>]=1. [R<i>]=0. then [EQ] = 1 











If the bits in the Workspace Register R that conespond to set bits in the source memory word 
ere all Os. set the EQUAL status. 

UJ 

H 

< 

LI 

R.DATAie 


m 

D 

■ 

■ 

■ 

■ 

[Rj— DATA16 

Q 










Load immediate to Workspace Register R. 

s 

LWPI 

DATA 16 


H 






[WR]— DATA16 

s 



■ 

■ 

■ 

■ 

■ 

■ 

■ 

Load immediate to Workspace Pointer Register. WR. 
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Table 18-2. TMS 9900 Instruction Set Summary (Continued) 


TYPE 

■ MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

G 

EG 

c 


m 


lU 

I- 

Cl 

R,DATA16 


D 

B 

B 

■ 

m 

■ 

Set the status flags based -on 16-bit comparison between contents of Workspace Register R and 

< 






B 

B 



immediate data. 

UJ 

Q. 

Al 

R.DATAie 



B 

B 

B 



[Rl— [R1 + DATA16 

o 










Add immediate to Workspace Register R contents. 


ANDI 

R,DATA16 


X 

B 

B 

B 

B 

B 

[R]^[R] ADATA16 

Q 






B 




AND immediate with Workspace Register R contents. 

LU 

2 

ORI 

R.DATAie 


X 

D 

B 

1 



[R]— [R] VDATA16 

s 



n 


■ 

■ 

1 

■ 

■ 

OR immediate with Workspace Register R contents. 


B 

S 


■ 

■ 

■ 

■ 

■ 

■ 

[PC]-[S] 

5 










. Branch unconditional to address in Source memory word. 

D 

JMP 

DISP 




1 


H 


[PC1^[PC] + DISP . 




■1 

■ 

■ 

■ 

■ 

ill 

■ 

Branch unconditional. 


BL 

S 


n 

B 

B 

B 

■ 

■ 

[R11] — [PC]+ 1 







B 

B 

B 


[PC]-[S] 











Branch to subroutine at address in source memory word. 

z 

BLWP 

S 




1 

1 

1 


[R13] — [WP] 

UJ 3 






B 

B 

B 


(R14]— [PC] 

1 






B 


B 


[R15] — [ST] 

Bo 










[WP] — [S] 

m < 





B 

1 

B 

1 

B 

[PC]^[S + 2] 

3 -j 










Branch to subroutine whose address is stored in source memory word + 1 . Perform context 

< 






H 


n 


switch to RO address contained in source memory word. 


RTWP 







D 


[WP] — [R13] 







U 


H 


[PC]— [R14] 





■ 

1 

m 

■ 

1 

1 

[ST] [R15] Perform a backward context switch. 


JEQ 

DISP 

IBI 

■ 

■ 

m 

■ 

■ 

■ 

If [EQ]=1;then [PC]— [PC] + DISP 











Branch if equal. 


JNE 

DISP 




1 




If [EQ]=0:then [ PC]— [PC] + DISP 











Branch if not equal. 

z 

o 

JGT 

DISP 




1 

B 

B 

B 

If [AG]=1;then [PC] — [PC] + DISP 

p 










Branch on arithmetic greater than. 

o 

z 

JLT 

DISP 




1 


1 

1 

If [AG]=0and [EQ]=0:then [PC]— [PC] + DISP 

o 










Branch on arithmetic less than. 

z 

JHE 

DISP 




1 


1 

1 

If [LG]=1 or [EQ]=1:then [ PC] — [PC] + DISP 

o 










Branch on logical greater than or equal. 

o 

JH 

DISP 




1 




If [LG]=1 and [EQ]=0;then [PC]— [PC] + DISP 

< 










Branch on logical greater than. 

CQ 

JL 

DISP 








If [LG]=0and [EQ]=0:then [PC]— [PC] + DISP 











Branch on logical less than. 


JLE 

DISP 




B 


B 

B 

If [EQ]=1 or [LG]=0:then [PC]— [PC] + DISP 




IH 

■ 

■ 

■ 

■ 

■ 

■ 

Branch on less than or equal. 
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Table 18-2. TMS 9900 Instruction Set Summary (Continued) 








STATUSES 


TYPE 

-MNEMONIC 









G 

El 

B 


B 






JNC 

DISP 


■ 

■ 

■ 

■ 

■ 

■ 

If [C]=0:then [PC]— [PC] + DISP 

z z 5 
o o iil 

JNO 

DISP 

H 

■ 


■ 

■ 

■ 

■ 

Branch on carry reset. 

If [OV]=0;then [PC] — [PC] + DISP 

^ p z 

JOC 

DISP 

■ 

■ 

I 

■ 

■ 

■ 

■ 

Branch on overflow reset. 

If [C]=1:then [PC]— [PC] + DISP 

S 9 o 

CQ O o 






■ 

B 

B 

B 

Branch on carry set. 

JOP 

DISP 








If [OP]=1;then [PC]— [PC] + DISP 




■■ 

H 

■ 

B 

B 

B 

B 

Branch on odd parity set. 

CC UJ 

SLA 

■■iH 

B 

n 

B 

B 

B 

B 

B 

Arithmetic shift the Workspace Register R left the specified number of bits. 

H < 

SRA 



H 


o 

B 



Arithmetic shift the Workspace Register R right the specified number of bits. 

2 S 

SRL 



H 



B 



Logical shift the Workspace Register R right the specified number of bits. 

a O 

SRC 


HI 

a 

B 

B 

B 

B 

B 

Rotate the Workspace Register R right the specified number of bits. 


STST 

R 

H 

m 

■ 

■ 

■ 


B 

[R]-[ST] 











Store the Status register into Workspace Register R. 


STWP 

R 








[R]— [WP] 











Store the Workspace Pointer into Workspace Register R. 

1 ^ 

LIMI 

DATA4 








[SR<3,0>] — DATA4 

< 3 










Load immediate data into the interrupt mask bits of the Status register. 

3 CC 

XOP 

S,R 






X 


[R13]— [WP] 











[R14]— [PC] 

W “ 



■ 

■ 

■ 

■ 

■ 


■ 

[R15] — [ST] 

[R11]— [S] 




■ 

■ 

■ 

■ 

■ 


■ 

[WP]— [40„ + (4MR])] 

[PC]— [41„ + (4*[R])] 




■ 

■ 

■ 

■ 

■ 


■ 

Perform a context switch. This is the software interrupt. 

UJ 

1- 

X 

S 

D 

■ 

B 

B 

B 

B 

B 

Execute the instruction represented by the data in the source location. If that instruction has im- 

3 

O 










mediate operand words, those words must be located directly after the X instruction. The instruc- 

X 

UJ 



■ 

■ 

■ 

1 

■ 

1 

1 

tion [S] will affect the status flags but its fetch will not cause lAQ to go high. 


IDLE 


■ 

1 

1 

1 

1 

1 

1 

CPU enters Halt state. 

CPU clears interrupt mask and outputs 001 on three high-order Address Bus lines. 











Oil on three high-order Address Bus lines. 

>- 










1 10 out on three high-order Address Bus lines. 

S z 










101. out on three high-order Address Bus lines: 

CC q: 

LREX 





B 

B 

B 

B 

111 out on three high-order Address Bus lines. 

^ o 

X 

UJ 



1 

1 

1 

1 

1 

1 

1 




























THE BENCHMARK PROGRAM 

For the TMS 9900, our benchmark program may be illustrated as follows: 



BLWP 

MOVE 

CONTEXT SWITCH TO APPROPRIATE REGISTERS 

LOOP 

MOV 

@IOBUF(R1),*R2-F 

LOAD NEXT INPUT WORD IN NEXT TABLE WORD 


DEC 

R1 

DECREMENT COUNT 


JNE 

LOOP 

RETURN FOR "MORE 


RTWP 


RETURN FROM SUBROUTINE 


Let us look at how our benchmark program can collapse to just five instructions. 

We assume that there is some set of 16 General Purpose registers within which we store the word count and the ad- 
dress of the first free word in TABLE. We illustrated this idea when describing context switching earlier in the chapter. 

Observe that Register R1 contains the word count, and is therefore used as an Index register, while Register R2 ad- 
dresses the first free word in TABLE. Note that the contents of Register R2 are incremented automatically when the 
next byte is loaded into the table. 

The BLWP instruction will branch to the program which performs the required data move, but simultaneously it loads 
the Workspace register with the appropriate initial address. We do not need to load any initial addresses or word 
counts into registers, since we have adopted the memory space where this data is stored to serve as our General Pur- 
pose registers. 

After the move has been completed, we do not have to update any counters or pointers, because they were updated 
"in situ". All we have to do upon completing the move is store the contents of the current General Purpose Registers 1 3 
and 14 to the Workspace register and Program Counter. 

The following notation is used in Table 18-3: 

aa Two bits determining the addressing mode for the destination memory word 

bb Two bits determining the addressing mode for the source memory word 

cccccccc 8-bit signed address displacement 

dddd Four bits used with aa to determine the destination memory word 

eeee 4-bit count field 

rrrr Four iDits choosing the Workspace register 

ssss Four bits used with bb to determine the source memory word 

XX 1 6 bits of immediate data 

If either aa or bb is 1 02 , and the corresponding register specified is O 2 , then an additional 1 6-bit direct memory address 
word, used in computing the effective memory address of the operand, will follow the instruction. 

If aa and bb are 1 02 , and both corresponding register specifications are 0, then two additional 1 6-bit direct memory ad- 
dressing words will follow the instruction: the first will be used in computing the source address: the second will be 
used in computing the destination address. 
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Table 18-3. TMS 9900 Instruction Set Object Codes 


INSTRUCTION 

OBJECT CODE 

A 

S,D 

lOIOaaddddbbssss 

AB 

S,D 

101 laaddddbbssss 

ABS 

D 

000001 llOlaadddd 

Al 

R,DATA16 

OOOOOOIOOOIOrrrr 

XX 

ANDI 

R,DATA16 

0000001 00 lOOrrrr 

XX 

B 

S 

000001 000 Ibbssss 

BL 

S 

000001 lOIObbssss 

BLWP 

S 

00000 lOOOObbssss 

C 

S,D 

lOOOaaddddbbssss 

CB 

S.D 

100 laaddddbbssss 

Cl 

S.D 

OOOOOOIOIOOOrrrr 

XX 

CKON 


0000001111000000 

CKOF 


0000001110100000 

CLR 

D 

000001001 laadddd 

COC 

S,R 

OOlOOOrrrrbbssss 

CZC 

S,R 

00 100 Irrrrbbssss 

DEC 

D 

000001 lOOOaadddd 

DECT 

D 

000001 lOOIaadddd 

DIV 

S,R 

001 1 1 1rrrrbbssss 

IDLE 


0000001101000000 

INC 

0 

00000101 lOaadddd 

INCT 

D 

000001011 laadddd 

INV 

D 

OOOOOIOIOIaadddd 

JEQ 

DISP 

0001001 Icccccccc 

JGT 

DISP 

OOOIOIOIcceccccc 

JH 

DISP 

0001 101 Icccccccc 

JHE 

DISP 

OOOIOIOOcccccccc 

JL 

DISP 

0001 lOIOcccccccc 

JLE 

DISP 

OOOIOOIOcccccccc 

JLT 

DISP 

000 1 000 1 cccccccc 

JMP 

DISP 

000 1 OOOOcccccccc 

JNC 

DISP 

0001011 Icccccccc 

JNE 

DISP 

000101 lOcccccccc 

JNO 

DISP 

0001 lOOIcccccccc 

JOC 

DISP 

0001 lOOOcccccccc 



CLOCK 

PERIODS* 



8-16(7) 
12-20 (9) 
26-34 (10) 
14-30(1) 
14-30(1) 
14(18) 

6(14) 
6(14) 
10-18 (5) 
10-18(1) 
14-22 (1) 
14-22 (5) 
10-18(5) 
10-18 (3) 
6(14) 
16-124 (5) 
10-18(5) 
10-18(5) 
10-18(15) 
8/10(15) 
8/10(15) 
8/10(15) 
8/10(15) 
8/10(15) 
8/10(15) 
10(15) 
8/10(15) 
8/10(15) 
8/10(15) 
8/10(15) 


JOP 

DISP 

LDCR 

S.CNT 

LI 

R,DATA16 

• LIMI 

DATA4 

LREX 

LWPI 

DATA 16 

MOV 

S.D 

MOVB 

S,D 

MPY 

S.R 

NEG 

D 

ORI 

R,DATA16 

RSET 

RTWP 

S 

S.D 

SB 

S.D 

SBO 

DISP 

SBZ 

DISP 

SETO 

D 

SLA 

R,CNT 

SOC 

S.D 

SOCB 

S.D 

SRA 

R.CNT 

SRC 

R.CNT 

SRL 

R.CNT 

STCR 

D.CNT 

STST 

R 

STWP 

R 

SWPB 

D 

SZC 

S.D 

SZCB 

S.D 

TB 

DISP 

X 

S 

XOP 

S.R 

XOR 

S.R 


0001 1 lOOcccccccc 
001 lOOeeeebbssss 
OOOOOOIOOOOOrrrr 
XX 

0000001100000000 

XX 

0000001111100000 

0000001011100000 

XX 

1 lOOaaddddbbssss 
1 lOlaaddddbbssss 
001 1 lOrrrrbbssss 
OOOOOIOIOOaadddd 
0000001001 lOrrrr 
XX 

0000001101100000 
0000001110000000 
01 lOaaddddbbssss 
Olllaaddddbbssss 
OOOlUOIcccccccc 
OOOimOcccccccc 
000001 1 lOOaadddd 
(XXXnOIOeeeomr 
11 lOaaddddbbssss 
1 1 1 laaddddbbssss 
0000 1 0OOeeeerrrr 
0(XX)1011eeeemT 
(XXWKWlBBeenmr 
OOllOiBBBBaadddd 
000000101 lOOrrrr 
OOOOOOIOIOIOrrrr 
000001 101 laadddd 
0 lOOaaddddbbssss 
010 laaddddbbssss 
OOOIIIIIcccccccc 
OOOOOIOOlObbssss 
00101 Irrrrbbssss 
OOlOIOrrrrbbssss 


CLOCK 

PERIODS* 


8/10(15) 

22-52(11) 

12(19) 


6(14) 
14(8) 
14-30(1) 
14-30(1) 
12(13) 
12 (13) 
10-18(5) 
14-52 (16) 
14-30(1) 
14-30(1) 
14-52(16) 
14-52(16) 
14-52(16) 
42-60(12) 
8(23) 
8 ( 22 ) 
10-18(23) 
14-30(1) 
14-30(1) 
12 ( 8 ) 
8-16 (7) 
44-52 (4) 
14-22(1) 


' The number in bracksts identifies the instruction's machine cycle sequence, as defined in the preceding text. 


18-43 

















The minimum and maximum number of clock periods for the execution of each instruction are shown in the 
CLOCK PERIODS column of Table 18-3. Remember that a machine cycle consists of two clock periods. The 
bracketed number after the number of clock periods identifies the machine cycle sequence. Machine cycle se- 
quences associated with each bracketed number are listed below. In the machine cycie list below, the follow- 
ing abbreviations are used: 

R represents a memory read machine cycle as identified in Figure 18-4. 

A represents an ALU machine cycle as illustrated in Figure 18-3. 

W represents a memory write machine cycle as illustrated in Figure 18-5. 

C represents a CRU machine cycle as illustrated in Figures 18-6 and 18-7. 

A subscript associated with ariy machine cycle notation identifies that machine cycle repeated a number of times. Thus 
A3 is equivalent to -A-A-A-. 

M represents memory address computation machine cycles. Memory address computations were described earlier in 


this chapter. In summary, here are the various possibilities for M: 

Register addressing: R 

Implied memory addressing: R-A-R 

Implied memory addressing with auto-increment (for byte operand); R-A-W-R 

Implied memory addressing with auto-increment (for word operand): R-A-A-W-R 

Direct addressing: A-A-R-A-R 

Direct, indexed addressing; R-A-R-A-R 


(1) , R-A-M-A-M-A-W ■ 

(2) R-A-M-A-R-Aia-W-A-W 

(3) R-A-M-A-R-A-A-R-Ax-W-A-W (51 < X < 35) 

(4) ■ R-A-M-A3-R-A-W-A-W-A-W-A-W-A-R-A 

(5) R-A-M-A-W 

(6) R-A-M-A3-W-A . ... 

(7) R-A-M-A 

(8) R-A-A-R-R-R-A 

(9) R-A-M-A-A-W 

(10) R-A-M-A-A-W-A-W-A-W-A-R-A ■ . 

(11) - R-A-M-A4 -R-A-Cx-A (16 < X < 1) 

(12) R-A-M-A-R-A-A-Cx-Ay-W (16 < x < 1, 1 1 < y < 5) 

(13) R-A-A-R-A-C 

(14) r-A-A-C-A-A 

(15) R-Ax (x=3 or 4) 

(16) R-A-R-A-A-R-Ax-W-A (18 < X < 3) 

(1 7) R-A-A-R-R-A-W 

(18) R-A-R-A-R-A-A 

(19) R-A-A-R-A-W 

(20) R-A-A-R-A 

(21) R-A-A-R-A3 

(22) R-A-A-W 

(23) R-A-M-A-R-A4-W 

THE TMS 9980A AND THE TMS 9981 MICROPROCESSORS 


The TMS 9980A and the TMS 9981 are low-cost variations of the TMS 9900. The principal differences bet- 
ween the TMS 9900 series and TMS 9980 series microprocessors are summarized in Table 18-4. Differences 
between the TMS 9980A and the TMS 9981 are summarized in Table 18-5. 

This discussion of the TMS 9980 series microprocessors covers only differences as compared to the TMS 9900. 

The TMS 9980 series microprocessors are manufactured using N-channel silicon gate MOS technology. They are 
packaged as 40-pin DIPs. The TMS 9980A uses three power supplies: -5V, -F5V, and -F12V. The TMS 9981 uses two 
power supplies; -F5V and ■f12V. 

Typically, a clock cycle tim^^if 400 nanoseconds will be used with TMS 9980 series microprocessors. This generates 
instruction execution times ranging between 4 and 14 microseconds. 
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Figure 18-14 illustrates that part of general microcomputer system logic which is implemented by the TMS 
9980 series microprocessors. This figure is identical to Figure 18-1, with the exception of clock logic, which is now 
shown present. 

Programmable registers are implemented and used in exactly the same way the TMS 9900 and TMS 9980 
series microprocessors. Note, however, that the TMS 9980 series microprocessors address a 2048-bit CRU; 

therefore, bits 1 through 1 1 of Register R1 2 identify the origin of any CRU bit field. The TMS 9900 uses bits 1 through 
12 of Register R1 2 to identify the CRU origin within a 4096-bit CRU. 

Table 18-4. A Summary of Differences Between the TMS 9900 and TMS 9980 Series Microprocessors 


FUNCTION 

TMS 9900 

TMS 9980A/TMS 9981 

Addressable external memory 

32,768 X 16-bit words 

16,384 X 8-bit words 

DIP pins 

64 

40 

Data Bus 

16 bits 

8 bits 

Address Bus 

15 bits 

13 bits 

External interrupt priorities 

15 

4 

CRU field width 

4096 bits 

2048 bits 

Clock logic 

Four external inputs 

One external input 
or internal (TMS 9981 
only) 


Table 18-5. A Summary of Differences Between the TMS 9980A and TMS 9981 Microprocessors 


FUNCTION 

TMS 9980A 

TMS 9981 

Power supplies 

-5V. -f5V. ■f12V 

-f5V. -F12V 

Clock logic 

One external input 

One external input 
or crystal only 

Pin incompatibility ties 

DO - D7, INTO - INT2, 03 | 


The TMS 9980 series microprocessors have a 14-rme Address Bus, used to address up to 16,384 bytes of 
memory. In contrast, the TMS 9900 addresses up to 32,768 16-bit words of external memory. Thus, TMS 9980 pro- 
grams address memory as bytes, while externally generated addresses also select bytes. The TMS 9900, by way of con- 
trast, addresses memory as bytes within the CPU. but as 16-bit words externally. 

The TMS 9980 series microprocessors use exactly the same memory and CRU addressing techniques as the 
TMS 9900. General-purpose registers are used in the same way, and instruction object codes are identical. 

The Status register and Status flags used by the TMS 9980 series microprocessors are identical to those which 
we have already described for the TMS 9900. 

TMS 9980 SERIES MICROPROCESSOR PINS AND SIGNALS 

Figure 1 8-1 5 illustrates pins and signals for the TMS 9980A. Figure 1 8-1 6 provides the same information for the 
TMS 9981. In both of these illustrations, signal names conform to Texas Instruments nomenclature. For the Data and 
Address Busses, our notation is given in brackets. Differences result from the fact that we number bits from right to left 
(0 being the low-order bit), while Texas Instruments numbers bits from left to right (0 becomes the high-order bit). TMS 

9980A/TMS 9981 pin-out differences are shaded in Figures 18-15 and 18-16 so that you can identify them 
quickly. 

For descriptions of the individual signals, refer to the earlier TMS 9900 discussion. 
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Arithmetic and 
Logic Unit 


Accumulator 

Registers) 


Instruction Register 


Data Counter(s) 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Bus interface 
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Interrupt Priority 
Arbitration 


Program Counter 


System Bus 


ROM Addressing 
and 

Interface Logic 


I/O Communication 
Serial to Parallel 
Interface Logic 


RAM Addressing 
and 

Interface Logic 


I/O Ports 
Interface Logic 


Read/Write 

Memory 


Read-Only 

Memory 


Programmable 

Timers 


Figure 18-14. Logic of the TMS 9980A and TMS 9981 Microprocessors 
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HOLD 

HLDA 

lAQ 

(LSB) (AO) CRUOUT/A13 
(A1) A12 
(A2) A1 1 
(A3) A10 
(A4) A9 
(A5) A8 
(A6) A7 
(A7) A6 
(A8) A5 
(A9) A4 
(A10) A3 
(All) A2 
(A12) A1 
(MSB) (A13) AO 
□ BIN 
CRUIN 
(+5V) Vcc 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


TMS 

9980A 


40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 


MEMEN 

READY 

WE 

CRUCLK 
Vdd <+'12V) 

Vgg (GND) 
CKIN ■ 


D7 (DO) 
D6 (Dl) 
D5 (D2) 
D4 {D3) 
D3 (D4) 
D2 (D5) 
Dl (D6) 
DO {D7) 
INTO 
INTI 
_INT2 
03 


BB 


(-5V) 


(LSB) 


(MSB) 


Pin Name 

Description 

Type 

A0-A13 

Address Bus 

Tristate, output 

D0-D7 

Data Bus 

Tristate, bidirectional 

CKIN 

Clock signal in 

Input 


Synchronizing clock 

Output 

MEMEN 

Memory Enable 

T ristate, output 

lAQ 

Instruction Fetch 

Output 

DBIN 

Data Bus in 

Tristate, output 

WE 

Write Enable 

Tristate, output 

READY 

Memory Ready 

Input 

WAIT 

Wait State indicator 

Output 

CRUCLK 

I/O clock 

Output 

CRUOUT 

Serial I/O out 

Output 

CRUIN 

Serial I/O in 

Input 

INTO, INTI, INT2 

Interrupt request and priority 

1 nput 

HOLD 

DMA request 

Input 

HOLDA 

Hold acknowledge 

Output 

V V V V 

BB' CC' DD' SS 

Power and Ground reference 



Figure 18-15. TMS 9980A Signals and Pin Assignments 
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HOLD 

HLDA 

lAQ 

(LSB) (AO) CRUOUT/A13 
(AD A12 
(A2) All 
(A3) A10 
(A4) A9 
(A5) AS 
(A6) A7 
(A7) A6 
(AS) A5 
(A9) A4 
(A10) A3 
(AID A2 
(A12) A1 
(MSB) (A13) AO 
□ BIN 
CRUIN 
(+5V) Vq0 


Pin Name 

Description 

Type 

A0-A13 

Address Bus 

Tristate, output 

DO-D7 

Data Bus 

Tristate, bidirectional 

CKIN 

Clock or crystal connection 

Input 

OSCOUT 

Crystal connection 

Output 


Synchronizing clock 

Output 

MEMEN 

Memory Enable 

T ristate, output 

lAQ 

Instruction Fetch 

Output 

DBIN 

Data Bus in 

Tristate, output 

WE 

Write Enable 

T ristate, output 

READY 

Memory Ready 

Input 

WAIT 

Wait State indicator 

Output 

CRUCLK 

I/O clock 

Output 

CRUOUT 

Serial I/O out 

Output 

CRUIN 

Serial I/O in 

Input 

INTO, INTI, INT2 

Interrupt request and priority 

Input 

HOLD 

DMA request 

Input 

HOLDA 

Hold acknowledge 

Output 

V , V , V 

CC' DD' SS 

Power and Ground reference 



Figure 18-16. TMS 9981 Signals and Pin Assignments 



18-48 




Q 

UJ 

oc 

o 

Q. 

C 

o 

u 

z 


o 

CQ 

U) 

O 

S 

< 

a 

< 


TMS 9980 SERIES MICROPROCESSOR TIMING AND INSTRUCTION EXECUTION 

The TMS 9980A and TMS 9981 microprocessors have the same signal relationships and instruction execution 
sequences as the TMS 9900. The few minor waveform differences are identified in the data sheets at the end of 
this chapter. 

The only significant difference between the TMS 9900 and TMS 9980 series is in clock logic. The TMS 9900 re- 
quires four clock inputs, as identified in Figure 18-3. 

The TMS 9980A requires a single clock signal, input via CKIN. The frequency of this clock input 
must be four times the desired clock frequency. That is to say, CKIN will be divided by four in 
order to create one clock period. The TMS 9981 can operate with the same CKIN input as the TMS 
9980A; however, you can also connect a crystal across CKIN and OSCOUT. This may be illustrated 
as follows: 


TMS 9980 
SERIES 
CLOCK 
LOGIC 



Cl and C2 must have values between ,10pf and 25pf, typically 15pf. 

The crystal must be of the fundamental frequency type. The frequency will be divided by four in order to create the in- 
ternal clock frequency. 

Both the TMS 9980A and the TMS 9981 output 4>3, a synchronizing clock signal. ‘I>3 is the inverse of the 03 clock sig- 
nal shown in Figure 18-3 and in subsequent timing diagrams for the TMS 9900. 

Thus you can create the timing diagram for any TMS 9980 operation by looking at the equivalent timing diagram for 
the TMS 9900 and replacing the four TMS 9900 clock signals by a single timing pulse which will be the complement of 
03. 

The following operations are identical within TMS 9900 and TMS 9980 systems: 

• Memory references. However, note that memory reference will consist of two memory access cycles, as a 1 6-bit word 
is handled as two bytes. 

•CRU I/O operations (remember that the TMS 9980 series CRD is only 2048 bits wide). 

•CRD control operations 
•The Wait state 

•The Hold state and direct memory access operations 
•The Halt state 

•The interaction of Hold and Halt states 

Refer to the TMS 9900 discussion for any of the above topics. 

TMS 9980 SERIES INTERRUPT LOGIC 

The TMS 9980A and TMS 9981 microprocessors support four levels of external interrupt, together with a Reset and a 
Load. Reset and Load are non-maskable interrupts. In contrast, the TMS 9900 supports 15 levels of external interrupt, 
along with Reset. 

The TMS 9980 series microprocessors identify external interrupts via the INTO, INTI, and INT2 inputs as 
shown in Table 18-6. Figure 18-17 shows the interrupt vector map. 
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Table 18-6. TMS 9980 Interrupts 


INTO 

INTI 

INT2 

Interrupt Decoded 

0 

0 

0 

Reset 

0 

0 

1 

Reset 

0 

1 

0 

Load 

0 

1 

1 

Level 1 (Highest Priority) 

1 

0 

0 

Level 2 

1 

0 

1 

Level 3 

1 

1 

0 

Level 4 (Lowest Priority) 

1 

1 

1 

No Interrupts 


Observe that the TMS 9980A and the TMS 9981 have no INTREQ input Also, the Reset and Load non-maskable inter- 
rupts are decoded from the INTO - INT2 inputs. 

Figure 18-18 shows some pin connections for various levels of interrupt complexity in a TMS 9980 series microcom- 
puter system. The three illustrations shown are self-evident; they simply implement the INTO - INT2 codes defined 
above. 

The TMS 9980 series microprocessors provide all 16 XOP software interrupts available with a TMS 9900. 

Observe that Figure 18-17 shows memory as 8-bit units in contrast to Figure 18-11. which shows memory as 16-bit 
units. This reflects the fact that external memory is addressed as bytes by the TMS 9980A and the TMS 9981. 
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Memory Memory Byte 
Address Content 


External Interrupt 


Unassigned Memory 
for Programs or Data 


XOP Vectors, Use 
Same Memory Space 
as the TMS 9900 


0000 

WP 

HI 

0001 

WP 

LO 

0002 

PC 

HI 

0003 

PC 

LO 

0004 

WP 

HI 

0005 

WP 

LO 

0006 

PC 

HI 

0007 

PC 

LO 

0008 

WP 

HI 

0009 

WP 

LO 

OOOA 

PC 

HI 

OOOB 

PC 

LO 

00 OC 

WP 

HI 

OOOD 

WP 

LO 

OOOE 

PC 

HI 

OOOF 

PC 

LO 

0010 

WP 

HI 

0011 

WP 

LO 

0012 

PC 

HI 

0013 

PC 

LO 


r 



0040 

WP 

HI 

0041 

WP 

LO 

0042 

PC 

HI 

0043 

PC 

LO 


007 C 

WP 

HI 

007 D 

WP 

LO 

007E 

PC 

HI 

007F 

PC 

LO 


Reset Vector 


Level 1 Vector 


Level 2 Vector 


Level 3 Vector 


Level 4 Vector 


XOP 0 Vector 


XOP 15 Vector 


Unassigned Memory 


3FFC 

WP 

HI 

3FFD 

WP 

LO 

3FFE 

PC 

HI 

3FFF 

PC 

LO 


Load Vector 


Figure 18-17. TMS 9980 Memory Map 
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LEVEL 1 


INTO 


RESET 


LEVEL 4 


INTO 

INTI 

INT2 

TMS 9980A/ 
TMS 9981 


A) Using Reset and One 
External Interrupt 


Vcc 

0 


RESET 


LOAD 


LEVEL 1 
LEVEL 2 


LEVEL 3 
LEVEL 4 




RESET 


LOAD 


C) Using Reset, Load and Four External Interrupts 


TMS 9980A/ 
TMS 9981 

INTI 

INT2 


B) Using Reset, Load and 
One External Interrupt 


7 El 

6 

5 A2 


INTO 


4 A1 


INTI 




INT2 



2 



1 



SN74148 


TMS 9980A/ 

(TIM 9907) 


TMS 9981 


Figure 18-18. Some TMS 9980A/TMS 9981 Interrupt Interfaces 

The interrupt acknowledge process and interrupt priority arbitration logic are identical in TMS 9900 and TMS 
9980 series microprocessors. For a discussion of these subjects, refer to the earlier TMS 9900 description. 

THE TMS 9980 SERIES INSTRUCTION SET 

The TMS 9900 and TMS 9980 series microprocessors have identical instruction sets. Instructions execute in almost the 
same sequences of machine cycles — the only difference is that each memory reference will have twice as many 
memory access cycles. Refer to Tables 18-2 and 1 8-3, together with their accompanying text, for details. Remember to 
substitute two memory cycles for each TMS 9900 memory cycle. 


THE TMS 9940 SINGLE-CHIP MICROCOMPUTERS 

The TMS 9940 is a single-chip microcomputer based on the TMS 9900 microprocessor. Figure 1 8-1 9 iliustrates 
that part of our general microcomputer system logic provided by the TMS 9940 series microcomputer. 

Specifically, this is the logic provided by the TMS 9940 series microcomputers: 

•A Central Processing Unit, essentially equivalent to the TMS 9900 Central Processing Unit 
• 2048 bytes of read-only memory. Erasable Programmable Read-Only Memory (EPROM) is provided by the TMS 
9940OE, Normal mask programmable Read-Only Memory (ROM) is available with the TMS 9940M, 

•128 bytes of read/write memory. This read-write memory is frequently organized as four sets of sixteen 16-bit 
registers. , 
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•Two levels of external interrupt 

•An on-chip timer/event counter with its own interrupt logic 
• 32 I/O pins accessed as 32 CRU bits 
•A single -I-5V power supply 
•On-chip clock logic 



Figure 18-19. Logic of the TMS 9940 Single-Chip Microcomputers 

The TMS 9940 microcomputer has very little expansion logic; 256 external CRLl bits can be addressed, but 
there is no provision for executing programs directly from external memory. 

But the TMS 9940 is easily included in multiprocessor configurations. For multiprocessor configurations, the TMS 
9940 has internal Hold request/acknowledge logic, together with a serial I/O path via which data can be transferred 
between processors. 

The TMS 9940 has two -FSV power supplies: a standard operating power supply and a standby power supply. 

Under program control, it is possible to shut down the TMS 9940, in which case only the standby power supply is ac- 
tive. An external interrupt can subsequently restart the TMS 9940. 

The TMS 9940 is manufactured using N-channel silicon gate MOS technology. It is packaged as a 40-pin DIP. ’ 
Using a 3 MHz clock, instruction execution times range between 3 and 10 microseconds. 
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This description of the TMS 9940 microcomputer relies on the preceding detailed description of the TMS 9900. 
This description of the TMS 9940 does not stand alone, and you should not read it until you understand the TMS 
9900 in detail. 


TMS 9940 REGISTERS AND READ/WRITE MEMORY 

There are some important conceptual differences between the read/write memory/registers of the TMS 9940 
and those of the TMS 9900. 

The TMS 9940 has only 128 bytes of read/write memory, with all the read/write on the chip itself, and you cannot 
create an external Data/Address Bus. Therefore, it makes no difference whether memory is addressed as bytes or 
words. The only remaining restriction is that 16-bit words must be origined on even byte address boundaries. 


/ 


ROM 




0000 

0002 

0004 

0006 

0008 

OOOA 

OOOC 

OOOE 

0010 

0012 

004E 

0050 

0052 

0054 

0056 

007C 

007 E 
0080 

07FF 


WP HI 
WP LO 

PC HI 
PC LO 

WP HI 
WP LO 

PC HI 
PC LO 

WP HI 
WP LO 

PC HI 

PC LO 

WP HI 
WP LO 

PC HI 

PC LO 



1 

1 1 


WP HI 
WP LO 

PC HI 

PC LO. 

WP HI 
WP LO 

PC HI 

PC LO 


WP HI 
WP LO 

PC HI 

PC LO 


PC 


Reset Vector 

Level 1 Interrupt Vector 

^ Decrementer Vector 
PC j 

WP I 

/ Level 2 Interrupt Vector. 

PC ) 

Unused and Available for Programs 
RAM 

WP I 

> XOP 4 Vector 
PC ) 

WP I 

XOP 5 Vector 

PC \ 

XOP 6 - XOP 14 Vectors 

WP j 

> XOP 15 Vector 
PC ) 

Unused and Available for Programs 


/ 


8300 


RO 

8302 


R1 

1 

1 

1 

[ 1 

! 

1 

831C 


R14 

831E 


R15 

8320 


R1 

8322 


R2 

1 

1 1 

1 1 

• 1 

j 

833C 


R14 

833E 


R15 

8340 


R1 

8342 


R2 

1 

1 

1 1 
1 1 
1 1 

1 

1 

835C 


R14 

835E 


R15 

8360 


R1 

8362 


R2 

1 

1 1 
1 1 

j 

837C 


R14 

837E 


R15 


Register Set 1 


Register Set 2 


Register Set 3 


Register Set 4 


Figure 18-20. TMS 9940 Memory Map 
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The IMS 9940 does introduce one additional read/write memory restriction; the 128 bytes of read/write memory 
are divided into four non-overlapping sets of sixteen 16-bit registers, as illustrated in Figure 18-20. Note that the 
128 bytes of read/write memory have specifically defined addresses. Both the TMS 9900 and the TMS 9980 series 
microprocessors allow any sixteen 16-bit words of memory to serve as a set of general purpose registers, whether or 
not they overlap with another set 

The TMS 9940 has the same three CPU registers as the TMS 9900: the Program Counter, the Workspace register, 
and the Status register. The TMS 9940 sets aside general-purpose registers to serve specific functions, as does the 
TMS 9900. 

Given the configuration of the TMS 9940, many register designations can be justified only as a means of preserving 
TMS 9900 series compatibility. For example, a 16-bit TMS 9940 Workspace register makes no sense when there are 
only 64 locations that the Workspace register can possibly address. Moreover, the whole idea of context switching — 
and tying up three 16-bit registers in order to execute a context switch — is ridiculous, given the few places to which 
you can context switch. 

But there is long-range sense in the TMS 9940 design. Over the next few years, enhancements of the TMS 9940 will 
appear with substantially more memory — both read-only memory and read/write memory. Since it is absolutely im- 
perative that TMS 9940 programs be compatible with new, enhanced one-chip microcomputers that are likely to ap- 
pear, it is necessary that addressing modes and architectural features that influence the instruction set be included in 
the TMS 9940 if they, will be useful in later enhancements. 

Despite the fact that the TMS 9940 has only 1 28 bytes of read/write memory and 2048 bytes of read-only memory, the 
TMS 9940 has all of the TMS 9900 memory addressing modes. Note carefully that so far as memory addressing is con- 
cerned, therejs no difference between read-only memory and read/write memory. Many one-chip microcomputers 
have a scratqhpad read/write memory which can only be accessed as data memory, while a separate program memory 
can only store instruction sequences, the TMS 9940 makes no such distinction between its read-only memory and 
read/write memory. Data and instructions can be stored in read-only memory or in read/write memory. 

The TMS 9940 and TMS 9900 CRU addressing techniques are identical; however, the TMS 9940 has just 32 exter- 
nal CRU bits, each with its own dedicated pin. By configuring 1 1 of these pins as address lines and CRU controls,. you 
can expand external CRU to 256 bits. 

There are some small differences between the TMS 9930 Status register as compared to the TMS 9900 Status register. 
The TMS 9940 Status register may be illustrated as follows: 


0 12 3 4 


5 6 7 8 9 10 11 12 13 14 15 



TMS 9900 Bit Number 
Our Bit Number 
Status Register 

Interrupt Mask 
Unused 

Half Carry Status 
Parity Status 
Overflow Status 
Carry Status 
Equal Condition 

Arithmetic Greater Than Condition 
Logical Greater Than Condition 


TMS 9940 L, N, =, C, 0. and P statuses are the same as those of the TMS 9900. 

The TMS 9940 has no XOP instruction executed status, which the TMS 9900 holds in Status register bit 9. 
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The TMS 9940 has an AC status in bit 8. This is a half-carry status. For byte-oriented instructions, AC represents the ca- 
rry from the low four bits to the higher four: 


5 4 


Q Q Q Q 


KJ 


Bit No. 
Memory Byte 


AC =1 for Carry 
AC = 0 for No Carry 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 J 

i 5 

1 ' 

4 

3 

2 

1 

B 

0 

0 

0 

0 

0 

0 

0 

0 

■ N- 

0 

0 

0 

0 

0 



O'*- Bit No. 


N I Generai-Purpose Register 


Byte instructions operate on the 
high-order byte of a register. 


For 16*bit instructions, the AC status represents a carry from bit 1 1 to bit 12: 


15 

14 

13 

12 

1 1 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

□ 

0 

ill 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 


V 


Bit No, 

Mmory Word or . 
General-Purpose Register 


AC = 1 for Carry 
AC = 0 for No Carry 


Since there are just four levels of external interrupt, the TMS 9940 uses Status register bits 0 and 1 for its interrupt 
mask. In contrast, the TMS 9900 uses Status register bits 0, 1, 2, and 3. for its interrupt mask. 

TMS 9940 CPU PINS AND SIGNAL ASSIGNMENTS 

Figure 18-21 illustrates the pins and signals of the TMS 9940 microcomputer. 

PO - P31 and 32 I/O pins addressed as 32 CRU bits. Some of these pins serve additional functions vvhich can be 
Selected under program control. 
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The TMS 9940 can, in fact, use standard TMS 9900 CRU instructions to address up to 512 CRU bits. But 512 is the 
maximum number of CRU bits that the TMS 9940 can address. Therefore, the TMS 9940 uses just 9 bits of General Pur- 
pose Register R12 to create CRU bit addresses. .For a single-bit CRU instruction, this may be illustrated as follows: 


Instruction Object Code 



Sum Becomes Effective 
CRU Address 
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P23 
P22 
P21 
P20 
P19 
P18 
EC/P 17 
IDLE/P16 
HLDA /P15 
HLD/P14 
TD/P12 
(+5V) V^ci 
(+5 V) Vc C2 
TC/P11 
0/P 13 
CRUCLK/P10 
CRUOUT/P9 
CRUIN/P8 
I NT1/T ST 
RSf/PE 


Pin Name 

Description 

Type 

PO - P31 

CRU I/O pins 

Bidirectional 

INT1/TST 

External interrupt and Test select 

Input 

INT2/PROG 

External interrupt and EPROM programmer 

Input 

RST/PE 

System reset and EPROM programmer enable Input 

AO - A7 

External CRU bit address 

Output 

CRUCLK 

External CRU clock 

Output 

CRUOUT 

External serial I/O output 

Output 

CRUIN 

External serial I/O input 

Input 

TC 

Multiprocessor data I/O clock 

Bidirectional 

TD 

Multiprocessor data I/O 

Bidirectional 

EC 

Event counter input 

Input 

IDLE 

Idle state indicator 

Output 

HLD 

Hold request 

Input 

HLDA 

Hold acknowledge 

Output 

<I) 

Synchronizing clock 

Output 

XTAL2, XTAL1 

External crystal connections 


Vcci 

Standby + 5V power 


VCC2 

Normal + 5V power 


Vss 

Ground reference 



(In this figure, Pn and An numbering conforms to Texas Instruments' policy of beginning with N=0 for the high-order bit. We use N=0 
for the low-order bit.) 


Figure 18-21. TMS 9940 Microcomputer Signals and Pin Assignments 
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Table 18-7 shows how the TMS 9940 interprets its 512 available bit addresses. 


Table 18-7. TMS 9940 CPU Bit Address Assignments 


CRU 

Address 

Read Function 

Write Function 

000 to 
OFF 

) External CRU bits; the address is output via A1-A8. Data is transferred via CRUIN, CRUOUT 
) andCRUCLK 

100 to 

17F 

1 Unused 

Unused 

180 

INTI state 

Unused 

181 

Decrementer interrupt level 

Clear decrementer interrupt 

182 

INT2 state 

Unused 

183 

Unused 

Configuration bit 0 (CBO) 

184 

Unused 

Configuration bit 1 (CB1) 

185 

Unused 

Configuration bit 2 (CB2) 

186 

Unused 

Configuration bit 3 (CB3) 

190 to 
.19D 

) Decrementer register. 190 is the least significant bit and 19D is the most significant bit 

’ 1 

19E 

Unused 

Timer (high) or Counter (low) select 

19F 

Unused 

Unused 

1A0 to 
1AF 

( Multiprocessor System Interface buffer register 
> 1 AO is the least significant bit and 1AF is the most significant bit 

1B0 to 
1BF 

j- General purpose flag bits 


ICO to 
IDF 

Unused 

Identify direction for PO (via ICO) through P31 (via IDF). 

1 specifies output. 0 specifies input 

1E0 to 
IFF 

1 Local CRU pins (PO = 1E0, P31 = 
1 1 

= IFF 

1 


The place to begin looking at Table 18-7 is at CRU bits 183, 184, 185, and 186. These four TMS 9940 

CPU bits represent write-only locations which determine how the 32 CPU pins illustrated in Figure CRU BIT 

18-21 will be used. UTILIZATION 

If you look again at Figure 18-21, you will see that PO through P17 have shared functions. P18 
through P31 are simple I/O pins without other programmable options. 

CRU addresses 183, 184, 185 and 186 control the functions of PO through PI 6 , as illustrated in Table 18-8. PI 7 

options depend on real-time clock logic, which we will describe later. 

Let us look at the programmable options available with CRU pins PO through P31. 

It does not matter what options you have selected; you will actually access the 32 CRU pins PO - P31 via CRU ad- 
dresses 15015 through IFF-] 5 . 

In the simplest case, all 32 pins, PO - P31, will be used for input or output. We call this Sim- TMS 9940 

pie I/O mode. In order to use all 32 pins for data input or output, (that is. in Simple I/O mode), all SIMPLE 

four of the configuration bits, CBO, CB1. CB2, and CB3. must be 0. At any time, a CRU bit can CRU I/O 

either input data or output data, but it cannot be used for bidirectional data transfer. You must MODE 

identify the direction for each pin by outputting appropriate data to CRU addresses IC0 15 

through IDFig. As shown in Table 18-7, each pin has a dedicated CRU address, beginning with pin PO controlled by 
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1C0i6 and ending with pin P31 controlled by CRU address 1DF-|0. A 1 written to any Direction CRU bit causes the as- 
sociated pin to output data only. A 0 written to any CRU Direction bit causes the associated pin to input data only. Of 
course, you can at any time change a pin from input to output or from output to input, under program control, by 
rewriting control information to Direction CRU bits ICOis through 1DF-|6 


Table 18-8. TMS 9940 CRU Bits Whose Functions are Determined Under Program Control 


CRU 

Function as Configured 

Bit 

Address 

Pin 

CB0 = 0 

CBO = 1 

CB1,CB2, CB3 

0-7 

1E0-1E7 

23-30 

P0-P7 

A1-A8 

No Effect 

8 

1E8 

18 

P8 

CRUIN 

No Effect 

9 

1E9 

17 

P9 

CRUOUT 

No Effect 

10 

1EA 

16 

P10 

CRUCLK 

No Effect 


CB1 =0 

CB1 = 1 

CBO, CB2, CB3 

11 

1EB 

14 

P11 

TC 

No Effect 

12 

1EC 

11 

P12 

TD 

No Effect 


CB2 = 0 

CB2 = 1 

CBO, CB1,CB3 

13 

1ED 

15 

P13 

<> 

No Effect 


CB3 = 0 

CB3 = 1 

CBO, CB1,CB2 

14 

1EE 

10 

P14 

HLD 

No Effect 

15 

1EF 

9 

P15 

HLDA 

No Effect 

16 

1F0 

8 

P16 

IDLE 

No Effect 


You will always have to define the direction of data transfer for pins PI 8 through P31 — assuming that you are using 
these pins. When pins PO through PI 7 are being used in any of the special ways which we are about to describe, then 
the data direction associated with the special operation will apply, and it makes no difference what you output to the 
associated Direction CRU bit. 

If you wish to use 256 external CRU bits, then you must set CRU bit 1 83 (CBO) to 1 . This is 
called I/O expansion mode. I/O expansion mode modifies the functions of pins PO through P10. 

When you use CRU addresses 00 through FFi 0 in I/O expansion mode, the address is output via 
pins PO - P7, which now function as CRU address lines A1 - A8. P8, P9, and PI 0 serve as the stan- 
dard CRU data transfer lines: CRUIN, CRUOUT, and CRUCLK. Timing for data input and output via 
these three lines has been described for the TMS 9900. Refer to the TMS 9900 description for details. In order to il- 
lustrate the use of external CRU, consider execution of the instructions: 

LI R3.>00 LOAD 1010 BINARY INTO UPPER BYTE OF R3 

LI R12.>140 LOAD A BASE ADDRESS OF 82 HEX INTO R1 2 

LDCR R3,4 OUTPUT FOUR LOW-ORDER BITS OF R3 TO CRU 

Note that R12 contains O14O-|0 to represent the address O82-|0, since R12 bit 0 is unused; therefore the internal ad- 
dress is, in effect, doubled. 

This instruction outputs 1010 toCRU bitO82i0 (0). O83i0 (1), O84i0 (0), andO85i0(1). Since fewer than eight bits will 
be transferred, they will come from the upper byte of the general purpose register. This is the event sequence which 
occurs: 

1) The address 82-|0 is output via A1 - A8. Remember. Texas Instruments’ literature uses 0 to represent the high- 
order bit; therefore A1 represents the high-order address bit. and A8 represents the low-order address bit. CRUIN is 
inactive, but CRUOUT is low to represent 0 while CRUCLK is pulsed high to time the 0 bit on CRUOUT. 


TMS 9940 
CRU I/O 
EXPANSION 
MODE 
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2) The address output on A1 - A8 increments to SSis and CRUOUT goes high, then CRUCLK pulses high. 

3) The address on A1 - A8 increments to 84 -| 5, CRUOUT goes low again, and CRUCLK pulses high. 

4) The address on A1 - A8 increments to 85i6, and CRUOUT goes high, and CRUCLK pulses high. 

1010 has now been transmitted to four external CRU bits. 

Note that it is up to external logic to decode the CRU address output; however, the Parallel System interface (which we 
will describe in later editions) will connect directly to theTMS 9940 Address and CRU outputs that we have just de- 
scribed. 

When you write 1 to CRU bit 184ig (CB1), pins P11 and PI 2 function as serial data 
transfer pins. The purpose of this logic is to allow the TMS 9940 to operate in multi-CPU 
configurations. This logic is very simple. You output data by writing the data to CRU bits 
IAO16 through lAFig. This data is immediately transmitted via TD (PI 2) as a serial data 
stream which is clocked by TC (P11). In keeping with normal bit sequence protocol, data is 
transmitted low-order bit first. Thus, 16 bits of data being output may be illustrated as follows: 


TMS 9940 
MULTIPROCESSOR 
SYSTEM 
INTERFACE 



When a TMS 9940 has a 1 written to CB1 , it can also receive data via TD. Data input is again clocked by TC. Input logic 
is the reverse of the output logic illustrated above; that is say, as a data stream is input, the first input bit is loaded into 
CRU bit 1AF-|0, and the sixteenth input bit is loaded into CRU bit 1AOi0. 

TMS 9940 multiprocessor system interface logic is used to transfer data from a memory location in one TMS 
9940 to a memory location in another TMS 9940. You will not normally use this logic to transfer data between a 
TMS 9940 and external logic; the CRU serves that purpose better. There are three reasons why you may want 
to use the TMS 9940 multiprocessor system interface; they are: 

1) To transmit status information. For example, one TMS 9940 could tell another how far it has progressed through 
various phases of a task by transmitting a status word whose bits have some predefined interpretation.' 

2) To transmit data. One TMS 9940 may generate data which another TMS 9940 needs in order to execute its pro- 
grams. 

3) To transmit instruction sequences. Instructions could be transmitted from the read-only memory (or the 
read/write memory) of one TMS 9940 to the read/write memory of another TMS 9940. The, receiving TMS 9940 
could then execute the instruction sequence out of its read/write memory. 
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Figure 18-22. Handshaking Logic in a TMS 9940 Multi-Microcomputer Network Communicating via the TD Data Line 
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You could use the CRU to perform any of the three data transfers described above, but the multiprocessor system inter- 
face is somewhat easier to use. We say that data transfer via the multiprocessor system interface is "somewhat” easier 
to use because many problems still remain when you use the multiprocessor system interface. These problems arise 
from the fact that there is absolutely no handshaking protocol associated with the multiprocessor system inter- 
face. For example, there is absolutely no protection against two TMS 9940s simultaneously trying to output data via 
TD and TC. There is no predefined protocol whereby a transmitting TMS 9940 identifies the receiving TMS 9940 or the 
instant data has been transmitted and should be read. Any protocol is your responsibility — to be provided by logic ex- 
ternal to the TMS 9940s. Fortunately, this protocol is easy to implement. Figure 18-22 shows how eight TMS 
9940s can communicate with each other, such that each TMS 9940 may transmit data to, or receive data from, 
any other TMS 9940. The logic illustrated in Figure 18-22 is more complex than the logic you would need for a small 
system — for example, a two-microcomputer system, or a system where there are dedicated transmitters and receivers. 

While Figure 18-22 shows TMS 9940s communicating with each other, you will in fact use TMS 9940s just as fre- 
quently with other microprocessors — such as a TMS 9900. Nevertheless, the concepts embodied in Figure 18-22 
would apply, from the viewpoint of the TMS 9940, in any other configuration. 

Let us look at how the logic in Figure 18-22 works. 

The first problem we must resolve is the problem of transmission contentions. How will we make sure that one TMS 
9940 does not try to transmit data while another TMS 9940 is already transmitting data? A simple scheme would be to 
set aside a particular CRU pin to serve as a "Busy" line. For example, every TMS 9940 could use P31 as a "Busy” output 
pin and P30 as a "Sense" input pin. We could wire-OR together all P31 Busy outputs and input this wire-OR to all P30 
Sense inputs. Now any TMS 9940 that wishes to transmit data will read its P30 CRU bit. If this bit is 0, then it will out- 
put 1 to P31 . Outputting 1 to P31 causes all otherTMS 9940s to receive 1 at their P30 inputs. Thus, no other TMS 9940 
will begin transmitting data if another TMS 9940 was in the process of transmitting data. This logic may be illustrated 
as follows: 



The problem with the logic illustrated above is that two TMS 9940s could simultaneously read P30, find it was 0, out- 
put 1 to P31, then output competing data on TD. While the chances of two microcomputers executing identical in- 
structions at exactly the same time are very small, a well-designed microcomputer system must account for every po- 
tential error. In Figure 18-22 we resolve our problem by using a 74148 8-to-3 decoder. The P31 output from every TMS 
9940 is connected to a different 74148 input. The 74148 outputs, via 00, 01 , and 02, the line number for the highest 
priority active input. This three-line output is connected to the P28, P29, and P30 pins of every TMS 9940; we assume 
that these three pins are inputs at every TMS 9940. Now every TMS 9940 that wishes to transmit data via TD must out- 
put a 1 to P31 . It must then input the contents of P30. P29. and P28. Upon detecting its own ID on these three inputs, it 
begins data transmission. If a TMS 9940 outputs 1 via P31 and then reads in some other ID via P30, P29, and P28, then 
it must wait. Here is an appropriate instruction sequence: 



LI 

R12.>3F8 

LOAD P28 ADDRESS. X2. INTO R12 


SBO 

3 

SET P31 ON 

LOOP 

STCR 

R2,3 

INPUT P28. P29, AND P30 


Cl 

R2.ID 

COMPARE INPUT WITH DEVICE ID 


JNE 

LOOP 

RETURN AND RE-ENTER CODE IF NOT CORRECT ID 


LI 

R12,>340 

LOAD MPSI OUTPUT DATA BASE ADDRESS X2 


LDCR 

R3,16 

OUTPUT CONTENTS OF R3 VIA TD 
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Assuming that a TMS 9940 has output 1 to P31 and has received back its own ID via P28, P29, and P30, the TMS 9940 
is ready to transmit data. However, in addition to simply transmitting the data, the TMS 9940 must tell the intended 
recipient that the data has been transmitted. In Figure 18-22 we use a 74138 3-to-8 demultiplexer for this purpose. 
Pins P25, P26, and P27 of every TMS 9940 are outputs that connect to the 10, II, and 12 inputs of the 74138. The 
transmitting TMS 9940 outputs data which will be received by every otherTMS 9940; however, the transmitting TMS 
9940 follows up by outputting a 3-bit code via P25, P26, and P27; this 3-bit code identifies the intended recipient. The 
3-bit code is input to the 741 38, which generates one of eight possible outputs. These eight outputs become external 
interrupt request inputs to the eight TMS 9940s. Only the single TMS 9940 will receive the data which was transmitted 
by the eighth TMS 9940, only one TMS 9940 will receive an interrupt request signal: this is the TMS 9940 for which 
the transmitted data was intended. The TMS 9940 which receives data simply executes an STRCR instruction to move 
the data from CRU bits 1 A0-|6 through lAF-js to the appropriate general purpose register. 

CRU bit 18510, CB2 bit, serves the very limited purpose of outputting a synchronizing 
signai. When you output 1 to CB2, PI 3 ceases to be an I/O pin and instead outputs the inter- 
nai TMS 9940 clock signal. 

CRU bit 186ig (CB3) controis idie and hold logic for the TMS 9940. When you write a 1 to CRU bit 186 1 0 , pins PI 4 
and P 15 act as hold request input (HLD) and hold acknowledge output (HLDA) signals, respectively. PI 6 generates an 
IDLE output. 

The Hold request/acknowledge logic of the TMS 9940 is quite standard. The purpose of this 
logic is to remove the TMS 9940 from any shared busses when some other microp roces sor or 

microcomputer is bus master. If CB3 is 1, then a low signal arriving at the TMS 9940 HLD input 

will cause the TMS 9940 to enter a Hold state at the conclusion of the current instruction's execution. A low HLDA out- 
put marks the beginning of the Hold state. 

The IDLE signal is output low when an IDLE instruction is executed and CB3 i s 1 . The only 
way in which you can terminate an Idle state is by requesting an interrupt via INTI or INT2. The 
TMS 9940 three-state signals are not floated in the Idle state. You must additionally enter the Hold 
state for this. 

The purpose of the IDLE instruction and signal is to enable standby power logic. This may be illustrated as follows: 


TMS 9940 
IDLE LOGIC 


TMS 9940 
HOLD LOGIC 


TMS 9940 
SYNC MODE 



Under normal circumstances, the power supply will input power to VqqI and Vcc2. When IDLE goes low, the power 
input to Vcq2 is switched off. While VqqI only is receiving power, the TMS 9940 read/write memory and interrupt 
logic is active, but all other logic is inactive, since the interrupt logic is activ e, any arriving interrupt request will be 
acknowledged. The process of acknowledging an interrupt request sets IDLE high again. This closes the switch and 
restores power to Vqq2, which allows the TMS 9940 to resume normal execution. 

In the illustration above, note that IDLE is connected to HLD. 
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TMS 9940 GENERAL PURPOSE FLAGS 

If you look again at Table 1 8-7, you will see that bRU addresses 1 BO-i @ through 1 BFi 5 address 1 6 general pur- 
pose flags. These general purpose flags have no special hardware functions. They are programming aids and that 
is all. You can write data out to these flags, and you can read back the data. How you use this data is entirely up to pro- 
gram logic. , 

TMS 9940 TiMER/EVENT COUNTER LOGIC 

The TMS 9940 has a timer. which can also be used as an event counter. CRU bit 19Ei0 determines whether this 
logic will function as a timer or as an event counter. If CRU bit 19Ei0 is high, then this logic serves as a Timer. If 
CRU bit 19E'|0 is low, then this logic serves as an event counter. 

Timer and Event Counter logic both use CRU bits 19Oi0 through 1 9Di 5 as a 14-bit register whose contents are decre- 
mented by Timer or Event Counter logic. This 14-bit register is buffered. That is to say, the initial value which you out- 
put to CRU bits 1 90-| 0 through 1 9Di 0 is stored in a buffer, in addition to being loaded into CRU bits 1 90-| 0 through 
19Di0. Subsequently. CRU bits 19O-|0 through 19D-|0 are decremented, but the buffer contents remain unaltered. 
When CRU bits 1 90i 0 through 1 9D'| 0 decrement to 0, they are reloaded from the buffer. Thus Timer/Event Counter 
logic runs continuously. An interrupt request is generated internally when CRU bits 190-10 through 19Di0 decrement 
to 0. 

Remember. C^Llibit 1 9Oi0 is the low-order bit, and CRU 19Di0 is the high-order bit. This is the reverse of hormal Texas 
Instruments bit numbering, where the high-ordef bit has the lowest bit number. However, this is consistent with the 
fact that Texas Instruments outputs data to the CRU low-order bit first, and addresses CRU bits in numerically ascend- 
ing address sequence. 

When you v/rite 0 to CRU bits 19O-j0 through 19Dig, you disable Timer/Event Counter logic. 

When the Timer/Everit CouHier is operating as a tiilier, the 14-bit register represented by CRU bits 19Oi0 
through 19Di0 decremented once every 30 internal clock oscillations. The crystal connected across XTAL1 
and XTAL2 determines clock oscillation frequency. When CRU bits 1 90-| 0 through 1 9Di 0 time out to zero, an interrupt 
request is generated. 

When Timer/Event Counter logic is operating as an event counter, pin PI 7 serves as an input, receiving the 
event sequence to be counted. Every low-to-high transition of the signal input at PI 7 decrements the counter. Once 
again, when the counter counts out to 0, an interrupt request occurs and the counter is reloaded from its buffer 
register. 

TMS 9940 INTERRUPT LOGIC 

The TMS 9940 has four external interrupts and twelve internal software interrupts. 

These are the four external interrupts: 

1) Reset. This has highest priority. 

2) A level 1 interrupt occurring at the INTI pin. This has second highest priority. 

3) A Decremehter/Event Counter interrupt. This has third highest priority. 

4) A level 2 interrupt occurring at the INT2 pin. This has lowest priority. 

As described for the TMS 9900, you execute XOP instructions to generate software interrupts. XOP4 through XOP15 
are active. XOPO through XOP3 do not exist on the TMS 9940. 

TMS 9940 interrupt vectors, together with a complete TMS 9940 memory map, are illustrated in hgure 18-20. 

The actual interrupt acknowledge sequence for a TMS 9940 is identical to that which we have described for the TMS 
9900. 

TMS 9940 RESET 

You Reset the TMS 9940 by inputting a iow signal at RST/PE (pin 20). This iow signal must last for at least five 
clock cycles. A Reset resets to 0 the contents of all pointer registers and all CRU configuration bits. Following a Reset, 
level 0 interrupt response begins — which means that read-only memory bytes 0 through 3 provide the initial Program 
Counter and Word Pointer register contents, and therefore the address of the program which will be executed follow- 
ing the Reset. 
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Note that the TMS 9940, being a smaller and simpler system than the TMS 9900, can use elementary logic to generate 
an interrupt acknowledge. For the TMS 9900 we suggested an Address Bus decoding technique in order to create an 
interrupt acknowledge signal. For the IMS 9940 a CRU bit will do just fine. The following circuit, is recommended by 
Texas Instruments: 



A simple-type flip-flop has its D input connected to -f5V. Every time an interrupt request pulse is input to the clock 
pin. the Q output will go low — generating a valid interrupt request at the TMS 9940, In order to acknowledge the in- 
terrupt and remove the interrupjjequest signal, you can output a low pulse via any of the P pins. This low pulse clears 
the D-type flip-flop and forces Q high again. 

PROGRAMMING A TMS 9940E ERASABLE, PROGRAMMABLE READ-ONLY MEMORY 

The TMS 9940E has a transparent quartz lid over the device in its dual in-line package. In order to erase the TMS 
9940E EPROM, you should expose it to a high-intensity ultraviolet light with a wavelength of 2537 angstroms. 

An intensity of 10 watt-seconds per square centimeter is recommended. 

After the TMS 9940E EPROM has been erased, all EPROM memory bits will be 0. 

These are the steps required in order to program a TMS 9940E EPROM: 

1) Reset the device. 

2) Apply the first data byte — to be stored in memory location 0000 to pins P24 through P31. Remember, P24 repre- 
sents the most significant bit of the byte, and P31 represents the least significant bit of the byte. 

3) Apply a 26-volt level to pin 20, the RST/PE pin. This being the first programming pulse, it resets the internal pro- 
gram memory address point at 0000 and writes the data byte at P24 through P31 into memory location 0. 

4) After at least 80 clock cycles, apply 26 volts to pin 37, INT2/PROG, for 50 milliseconds while changing the data 

byte (step 5). . 

5) Apply the next data byte to P24 through P31, At the high-to-low transition of f’ROG, the data will be written into 
the next location. 

6) Remove the 26 volts from pin 37 for a minimum of 50 clock cycles. Then apply 26V to pin 37 for 50 milliseconds. 

7) Return to Step 5 until all of program memory has been programmed. 

LOADING A PROGRAM INTO TMS 9940 READ/WRITE MEMORY 

You can load a program directly into TMS 9940 read/write memory via pins P24 (MSB)^ through P31 (LSB) for either the 
TMS 9940E or the TMS 9940M. Typically, this is done in order to load a small test program. The procedure for loading 
data into the TMS 9940 read/write memory is exactly as described in the previous section for loading data into EPROlM,’ 
except: th e 26-v olt level is applied to pin 19, the TST pin, after the device has been reset by inputting a low signal to 

pin 20, the RST/PE pin; and the high pulses at PROG are logic level rather than 26 volts. 

When you input data to a TMS 9940 read/write memory using the TEST pin and P24 through P31 , the address pointer 
is initialized to address 8300i 0. The address keeps incrementing the high-to-low transition of each 50 millisecond pro- 
gramming pulse applied at pin 37. When you finally stop applying programming pulses, the last 16 bits of data input 
are interpreted as the beginning address for the program to be executed. This address may point to a read/write memo- 
ry location, or to a read/write memory location. That is to say, the test program may be in read/write memory, in read- 
only memory, or in both areas. 

THE TMS 9940 INSTRUCTION SET 

The TMS 9940 instruction set is identical to the TMS 9900 instruction set, with these exceptions: 

1) The RSET, CKOF, CKON and LREX instructions have been deleted. That is, all the external instructions except 
IDLE. 
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2) The XOP instructions will not work with operands 0, 1, 2, or 3. 

3) There are new DCA and DCS instructions that enable 8-bit binary-coded decimal arithmetic. 

Assuming that you start with two valid 8-bit binary-coded decimal operands, you can add these two 8-bit operands 
using normal binary addition. The result will be a meaningless 8-bit number; however, if you immediately execute the 
DCA instruction, this meaningless 8-bit number will be converted to a meaningful 8-bit, 2-BCD-digit number. 

DCS, likewise, allows you to perform 8-bit binary-coded decimal subtraction. Assuming that the subtrahend and mi- 
nuend are both valid 8-bit binary-coded decimal numbers, you perform a subtraction using binary arithmetic and you 
generate a meaningless 8-bit result. By executing the DCS instruction, you convert this meaningless 8-bit result into a 
valid 8-bit, 2-BCD-digit binary-coded decimal difference. 

The DCA and DCS instructions both generate in the low-order eight bits of the 16-bit word. 

For a discussion of decimal adjust logic in BCD, addition or subtraction, see Volume 1, Chapter 3. 

The LIIM instruction loads a 2-bit interrupt mask into the two low-order bits of the Status register. 

Here are the instruction object codes used by the DCA, DCS, and LIIM instructions: 


Instruction 

Object Code 

Bytes 

Clock 

Periods 

DCA r 

00101 lOOOObbssss 

2 

7 

DCS r 

00101 10001 bbssss 

2 

7 

LIIM n 

00101 lOOIxxxxxnn 

2 

10 


The object code notation above conforms to that which we have described for Table 1 8-3 For the LIIM instruction, x 
represents "don't care" bits and n represents the two binary digits that get loaded into the two low-order Status 
© register bits. ' 


THE TIM 9904 FOUR-PHASE CLOCK GENERATOR/DRIVER 

This part is also given the generic TTL name: the SN74LS362. The TIM 9904 provides TMS 9900 
microprocessors with the four clock signals: 4>1, 4>2. <l>3, and < l>4. T hese are +i2V MOS driver signals. In addi- 
tion, four complementary -irSV clock signals, 4>1, 4>2, 4>3. and 04, are generated for use elsewhere in a TMS 
9900 microcomputer system. 

The TIM 9904 device may be driven by an external crystal, an external LC circuit, or a single external clock sig- 
nal. 

The TIM 9904 is manufactured using Ipw-powerSchottky technology; hence the 74LS part number. It is packaged as a 
20-pin DIP. All signals, other than the four MOS level clocks, are TTL-compatible. 

The TIM 9904 allows one asynchronous input signal to be syn chronized, via a D flip-flop, with the 03 signal. The syn- 
chronized signal is output, frequently to be used as a RESET input to the TMS 9900. 

Figure 18-23 illustrates TIM 9904 pins and signal assignments. 

The four clock si gnals , 01,02, 03, and 04, conform to Figure 18-3. 01, 02, 03, and 04 are compiements of 
01, 02, 03, and 04. 

A logic levei input at D wili be output at Q on the high-to-low transition of 03: 
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Vcci ( + 5V) 
XTAL2 
XTAL1 
PSCIN 
OSCOUT 
<I>2 
$1 

Vcc2(+ 12V) 
*1 
$2 


Pin Name 

Description 

Type 

<I>1, 4)2, 4)3, 4)4 

-r 12V clocks to drive a TMS 9900 

Output 

4)1, 4)2, 4)3, 4)4 

+ 5V clock complements 

Output 

D 

Asynchronous control 

Input 

Q 

Synchronized control 

Output 

TANK1, TANK2 

Crystal overtone controls 


XTAL1, XTAL2 

External crystal connections 


OSCIN 

External clock , 

Input 

OSCOUT 

Clock with frequency 44) 

Output 

VccT Vcc2, GND1, GND2 

Power, Ground , 



Figure 18-23. TIM 9904 Signals and Pin Assignments 

OSCOUT provides a clock frequency four times that of the <I> clocks. Its phase relationship to the O clocks may be 
illustrated as follows: 
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When an external quartz crystal Is used to drive the TIM 9904, the following connections are required: 



@ 


OSCIN must be tied to a high logic level for the internal clock logic to work properly. 

Required capacitor and inductance values are shown in the illustration above for a TMS 9900 microprocessor operating 
with its standard 3 MHz frequency. The crystal must have a resonant frequency of 48 MHz. For 48 MHz operation, a 
third overtone crystal is used. 

For less precise timing, the quartz crystal may be replaced with a 0.1 /if capacitor. The LC-tuned circuit now estab- 
lishes the clock frequency according to the following equation: 

fosc = l/(27rVi:C) 

where L is the inductance, with units of Henries, and C is the capacitance with units of Farads. This includes the 
capacitance of the circuit into which the components are mounted. 

If an external clock signal is input, it must occur at OSCIN. The crystal connections XTAL1 and XTAL2 should be 
connected to V^c as follows: 


NOT 

CONNECTED 


+ 5V 



( 


TIED TO LOGIC '1' 


CLOCK INPUT 
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The clock input OSCIN must have a frequency which is four times the clock period frequency and has a 25% duty cycle. 
Thus, for a 3 MHz frequency, a 12 MHz signal must be input via OSCIN: 


OSCIN 



In TMS 9900 microcomputer systems, the D input is used for an asynchronous reset; Q is output as a syn- 
chronous reset. This may be illustrated as follows; 



The illustration above shows recommended resistor and capacitor values. 


*rijc Titao oonn 

■ I Ik I iviw I 


DDrt/3DAI\illlil ADI C CVCTCAil IMTCDCAr^C fDCl\ 

I w ■ w I kivi I kill %■ 


The TMS 9901 Programmable System Interface (PSD is a special support part designed for the TMS 9900 series 
of microprocessors. This relatively primitive device uses 32 bits of the TMS 9900 CRU bit field to support 
parallel I/O and interrupt request logic. Programmable timer logic is also available. 

Figure 18-24 illustrates that part of general microcomputer system logic which has been implemented on the 
TMS 9901 PSI. 

The TMS 9901 PSI is packaged as a 40-pin DIP. It uses a single +5V power supply. All inputs and outputs are TTL-com- 
patible. The device is. implemented using N-channel silicon gate MOS technology. 
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Figure 18-24. Logic of the TMS 9901 Programmable System Interface 
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RST1 

CRUOUT 

CRUCLK 

CRUIN 



INTREQ 
(LSB) IC3 
IC2 
1C1 

(MSB) ICO 

Vss 

TF3TT 

iNTa 

P6 

P5 


1 

40 

2 

39 

3 

38 

4 

37 

5 

36 

6 

35 

7 

34 

8 

33 

9 

32 

10 TMS 31 

11 9901 30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

•20 

21 


INT8/P14 
■ INT9/P 13 
•INT10/P12 


■ iNTi2/ P10 

■ INT13/P9 
INT14/P8 

• P2 

53 

54 (LS B) 
•iNTT5/P7 
•P3 

■P4 


Pin Name 

Description 

Type 

CRUIN 

CRU data output 

Output 

CRUOUT 

CRU data input 

Input 

CRUCLK 

CRU data input strobe 

Input 

PO - P15 

I/O data 

Input or Output 

INTI - INT15 

External interrupt requests 

Input 

INTREQ 

Interrupt request to CPU 

Output 

ICO - IC3 

Interrupt priority designation 

Output 

CE 

Chip Enable 

Input 

SO - S4 

CRU bit select 

Input 

RST1 

Chip reset 

Input 

4> 

Synchronizing clock signal 

Input ' 

Vcc- Vss 

Power, Ground reference 



Figure 18-25. TMS 9901 Programmable System Interface Signals and Pin Assignments 


In the illustration above, Address lines have been numbered using our standard notation, whereby A14 is the highest- 
order address line and AO is the lowest-order address line. This is the opposite of Texas Instruments’ notation. The CRU 
select lines are numbered according to Texas Instruments' notation and Figure 18-25. Therefore. S4 is connected to 
AO, and SO is connected to A4. 


18-72 



ADAM OSBORNE & ASSOCIATES. INCORPORATED 


TMS 9901 PSI PINS AND SIGNALS 

The TMS 9901 pins and signals are illustrated in Figure 18-25. The signals which connect the TMS 9901 to a 
TMS 9900 series microprocessor are quite straightforward; they consist of the CRU and interrupt signals. 

The CRU signals include CRUIN, CRUOUT, and CRUCLK. 

The interrupt signals consist of INTREQ, ICO,. IC1, IC2, and IC3. 

For a description of CRU and interrupt signals, refer back to our TMS 9900 discussion. 

Device select logic includes a chip enable input, CE, together with five CRU bit select pins, SO - S4.'^ and SO - 

S4 will connect to the Address Bus as follows: 



In the illustration above. Address lines have been numbered using our standard notation, whereby A14 is the highest- 
order address line and AO is the lowest-order address line. This is the opposite of Texas Instruments' notation. The CRU 
select lines are numbered according to Texas Instruments' notation and Figure 18-25. Therefore, S4 is connected to 
AO, and SO is connected to A4. 
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Device select logic determines the CRU address space that will be reserved for the TMS 9901 PSI. This may be illustr- 
ated as follows; 




The se three b its zero 
and MEMEN inactive 
(high) indicate a 
CRU address 

The high -order three address lines, which we call A14, A13, and A12, are all zero during a CRU access, at which time 
MEMEN is inactive (high). Thus we decode address lines A1 1 through A5 to select a particular TMS 9901 device. 

Since the TMS 9980 uses the Address Bus differently during a CRU operation, TMS 9901 device select logic would 
connect to the Address Bus in a different way. The CRU bit select lines SO - S 4 would b e tied to lines A5 - A1 ; device 
select logic would decode lines A1 1 - A6: and lines A13 and A12, along with MEMEN, would indicate a CRU access. 
We illustrate this as follows: 


These seven bits 
identify the 
TMS 9901 address 
space. 


These five bits select 
a CRU bit in the 
TMS 9901 PSI 


MSB 


A13 A12 All A10 A9 AS A7 A6 
0 O.nnn n n n 



These six bits identify 
the TMS 9901 
address space 


These two bits zero, 
along with MEMEN 
inactive, indicate a 
CRU address 


LSB 

A5 A4 A3 A2 A1 AO -^Address Bus 



select a CRU bit CRUOUT 


is a synchronizin 2 _clocl< signal used to time data output and to sample interrup ts. is the complement of 03. For 

the TMS 9900, 03 is generated by the TMS 9904. The TMS 9980 outputs 03 directly. 

The best way of understanding the interface between a TMS 9901 and external logic is to look at functions per- 
formed, as illustrated in Figure 18-26. 
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Figure 18-26. TMS 9901 PSI General Data Flows and CRU Bit Assignments 
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From the programrher's viewpoint a TMS 9901 looks like 32 contiguous CRU bits. Thus, you will access any part of a 
TMS 9901 device's logic using CRU input and output instructions. 

As you read through the TMS 9901 description that follovyS, you should bear in mind the power of multi-bit CRU 
load and store instructions as they apply to TMS 9901 architecture. A single instruction transferring an appropri- 
ate bit pattern can-frequently perform rhultipid control and data transfer operations. 

The manner in which CRU bit& are used by the TMS 9901 is not straightfbhArard. This is because CRU bits share 
functions and pins. Functions and pins are shared in different ways. 

Let us first look at pin connections. CRU bits 1 -6 connect to pins INTI - INT6: thus, in interrupt mode each of these CRU 
bits has its own dedicated input pin. 

CRU bits 7-15 share nine input or output pins with CRU bits 23-31. CRU bits share pins as follows: 


t 


31 

7 

30 

8 

29 

. 9, 

28 

10 

27 

11 

26 

12 

25 

13 

24 

14 

23 

15 


t 


Device Pins 


These CRU bits support interrupt logic 
These CRU bits are dedicated to data I/O 


Each of the CRU bits shown above shares a pin with another CRU bit. That is to say, within the illustrated CRU address 
range, there are two CRU bits which will access the same pin, although each CRU bit performs a different operation. 
Thus you use the same pin in one of two different ways, using a bit address to select one operation. This may be illustr- 
ated as follows; 


If you select CRU bit 27, 
Pin 30 supports data I/O 


If you select CRU bit.l 1 , 
and interrupt rriode. 
Pin 30 serves as an 
interrupt request input 



CRU bits 16-22 connect to parallel I/O pins. These bit addresses are not shared with any other TMS 9901 functions. 

CRU bit 0 is a select bit that is not connected to any pin. A 1 written into this bit causes bits 1 -1 5 to support real- 
time clock logic. A 0 written into CRU bit 0 selects ihterrupt logic. When CRU clock logic is selected, bits 1-14 function 
as two 14-bit real-time Clock Buffer registers — one a read-only register, the other write-only. Real-time clock logic is 
separate from, and operates simultaneously with, and/or parallel I/O logic. That is to say, the process of selecting real- 
time clock logic does not disable any other logic. The select bit merely chooses which registers CRU addresses will ac- 
cess, rather than enabling or disabling any operations. 

TMS 9901 PSI INTERRUPT LOGIC 

The easiest place to start understanding the TMS 9901 is at its interrupt logic. 


External logic can input data to CRU bits 1-15 via their connected pins. These input data signals will be in- 
terpreted as interrupt requests if interrupts are enabled. If interrupts are disabled, then these CRU bits act 
simply as data input. 
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You access interrupt logic through the CRU when the select bit, CRU bit 0, contains a 0. 

CRU bit addresses 1-15 each access separate read-only and write-only locations. The read-only location stores the sig- 
nal level input at the attached pin. The write-only location accesses an interrupt mask bit. This may ^e illustrated as 
follows: 


CRU Bit N 

CRU Bit N + 1 


Write- 

Read- 

Only 

Only 

Mask 

1 Data 

Bit j 

1 Bit 


u 


} 


From Pins 


Signals arriving at pins connected to CRU bits 1-15 are immediately reflected by CRU bit contents: 




I 

I 


Read- 

Only 

Data 

Bit 




I I 

I I 


Low 

High 


A low level (that is, a 0 bit) is. interpreted as an interrupt request The interrupt request is passed on to the mask bit If 
the mask bit contains 1. the interrupt is enabled and the interrupt request is passed on: 



Write- 

Read- 


Only 

Only 


Mask 

, Data , 

( 

( 

[ Bit 1 

1 1 

i 1 

1 Bit , 

Interrupt 

1 


0 

Request ^ 





1 



1 



Low 

High 


If the mask bit is 0, the interrupt request is disabled and therefore denied: 


I 

I 


Write- 

Only 

Mask 

Bit 


I 

I 


Read- 


oply 
I Data 
I Bit 


I 

I 



Low 

High 
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Quite apart from interrupt logic, the CPU can at any time read the contents of one or more CRU bits in the address 
range 1-15. Here are some instructions that may access CRU bits 1-15 in various ways: 

LI . R12.PSI-I-1 LOAD CRU BASE ADDRESS INTO R1 2 

LI R1.MASK LOAD INTERRUPT MASK BITS INTO R1 

LDCR R1,15 OUTPUT TO WRITE-ONLY MASK LOCATIONS 


STCR R2.15 INPUT CRU BITS 1 THROUGH 15 AS DATA TO R2 


For some randomly selected data levels, CRU bits 1-15 may be illustrated as follows: 


Interrupt CRU 

Mask Bits Bits 

1 Bits Pass on 



0 Bits Generate interrupt 
Requests 


If one or mor e CRU bit 's interrupt requests are low, and the corresponding mask bit is 1 , then interrupt priority encoder 
logic outputs INTREQ low. Simultaneously, the level of the active interrupt request which has highest priority is iden- 
tified via ICO - ICS. 

INTI, input to CRU bit 1, has highest priority; 

INTI 5, input to CRU bit 15, has lowest priority. 

The levels at ICO - ICS ape maintained until the interrupt request signal is removed at the external pin, or the interrupt 
mask bit for the level is reset to 0. 

TMS 9901 PSI DATA INPUT AND OUTPUT 

You can use CRU I/O instructions to input, output, or test externai data at CRU bits 16-31. Data is output from 
the CPU to the TMS 9901 via CRUOUT; it is input from the TMS 9901 to the CPU via CRUIN. Bits are addressed via SO - 
S4, as we have already described. 

Following a reset, pins connected to CRU bits 16-31 are in input mode. In this mode, external logic can assert high 
or low levels at connected pins, in which case one or two CRU bits will be affected: a signal in put to PO - P6 wil l gener- 
ate data in CRU bits 1 6-22; if interrupt mode is selected (by a 0 in CRU bit 0), a signal input to INT7/P1 5-INTI 5/P7 will 
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generate data in two CRU bits, one in the CRU bit range 7-15, the other in CRU bit range 31-23. In interrupt mode, if 
the CPU inputs data from CRU bits 7-1 5 or 31 -23, then it will input the same data, but in reverse order. This may 
be illustrated as follows: 


LI R12,PSI + 7 
STCR R1,9 

0196., _ Loaded into R1 
16 


LI R12,PSI + 23 
STCR R1,9 


00D3 


16 


Loaded into R1 


CRU 

Bits 



Note that, as in all CRU transfers, the first CRU bit transferred goes to the least significant bit position of the destination 
register. 

As soon as the CPU outputs data to any bit capable of supporting data output, the I/O logic associated with this 

bit is put into output mode. In this mode, a pin will output a voltage level reflecting data in the corresponding CRU bit. 
External logic cannot input data to a CRU bit that is in output mode; in fact, driving input currents into an output pin 
may damage the TMS 9901. 

Once a CRU bit has been placed in output mode, it remains in output mode until the TMS 9901 is reset. That is to 
say, you cannot selectively return CRU bits from output mode to input mode. However, you can always read output bits 
back to the CPU; that is, although external logic must never attempt to input to a pin that is in output mode, the 
CPU can aiways read the contents of any I/O bit, whether it is an input or an output. 

You cannot output data via CRU bits 7-1 5, even though these bits are connected to the same pins as CRU bits 31 -23. 
When you output data to CRU bits 7-1 5, the data is routed to one of two write-only locations, depending on the con- 
tents of CRU bit 0; if the select bit is 0, the data goes to interrupt mask bits 7-15; if clock mode is selected (CRU bit 0 
contains 1), the data goes to the Clock Load Buffer register (bits 7-14) and RST2 (bit 15). 

In interrupt mode you can input external data from CRU bits 1 -6. Once again, you cannot output data via these CRU bit 
addresses, since any data output will be routed to corresponding interrupt mask bits or Clock Load Buffer bits. 
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TMS 9901 REAL-TIME CLOCK LOGIC 

If you write a 1 into CRU bit 0 of a TMS 9901 device, then CRU bits 1-14 are used as two 14-bit Clock buffers, 

which may be illustrated as follows: 


CRUOUT 


CRUIN 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 - 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

MSB 












LSB 

□ 

□ 

c 

c 

□ 

c 

□ 

c 

c 

c 

c 

□ 

c 

□ 


CRU Bit Number 


Clock Load Buffer 


Clock Read Buffer 


Besides these two buffers, real-time Clock logic contains a decrementing register which we call the Clock 
Counter register. The CPU loads the Clock Counter register via the Clock Load Buffer, and reads the Counter contents 
via the Clock Read Buffer. We illustrate this in the following way: 



The Clock Counter register decrements continuously as long as the TMS 9901 is powered up. This will cause no 
problems as long as the clock interrupt is disabled. 

When you write any non-zero value into the Clock Load Buffer (CRU bits 1-14), the Clock Counter register 
starts decrementing from that value. A decrement occurs once every 64 O clock pulses. Thus, with a 3 MHz clock, a 
decrement occurs once every 21.3 microseconds. When the CRU Clock Counter register decrements to 0, an inter- 
rupt request is generated, the previously output starting value is reloaded, and the clock starts to decrement 
again. Thus, with a 21.3-microsecond time interval between decrements.' the maximum time interval between inter- 
rupt requests will be 249 milliseconds. 

An enabled clock interrupt req uest causes INTREQ to be output low, together with a level 3 interrupt identified 
via ICO - IC3. That is to say, the INT3 external interrupt and the Cloc k logic sh are the same interrupt level and interrupt 
mask bit. In clock mode, CRU bit 1 5 is used to record the state of the INTREQ signal. Thus, if interrupt requests are dis- 
abled, the CPU program can check for a time-out by testing the level at CRU bit 1 5. This bit will be low i f np time-out 
has occurred, and it will be high if a time-out has occurred: thus this bit is the complement of INTREQ. 

Following a CRU real-time clock interrupt request, you must write into interrupt mask bit 3 in order to clear the 
interrupt request. You can write a 0 or a 1 into the interrupt mask bit. Normally, you will write a 1 in order to keep in- 
terrupts enabled. Writing a 0 will clear any active real-time clock interrupt request, and will simultaneously disable 
further real-time clock interrupt requests. 

The Clock Read Buffer register contents do not change as long as the TMS 9901 is in clock mode. This charac- 
teristic insures that the Clock Read Buffer will hold a stable value while the CPU is reading it — even though the Clock 
Counter may decrement during the read operation. 
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Either of the following two events will cause the Clock Counter contents to transfer to the Clock Read Buffer: 

• The <P pulse which causes the Clock Counter to decrement. 

• An exit from clock mode. 

Thus, the Clock Read Buffer register is updated whenever the TMS 0901 leaves clock mode, and every time the 
Clock Counter decrements outside of clock mode. 

Beware — even if CRU bit 0 contains a 1 , the TMS 9901 will exit clock mode for as long as it sees a 1 on select line SO: 
this will happen whether or not CE is active. Thus the Clock Read Buffer will not hold the same value indefinitely 
just because the TMS 9901 select bit is set. The PSI will leave clock mode whenever the CPU reads to or writes from 
CRU bits 1 6-31 , or if any device accesses a memory address with a 1 on the address line connected to SO (A4 in a TMS 
9900 system). 

The logic controlling clock mode and the Clock Read Buffer may be illustrated as follows: 


r64 


SELECT BIT 
(CRU BIT 0) 


Q 


SO 


DECREMENT 


' f A CLOCK 
I C M V ivinnF 


CLOCK 

COUNTER 






yUPDATE 

CLOCK READ 

/ 

BUFFER 


This logic summarizes our discussion above. There are two important things to note about clock mode and Clock Read 
Buffer update. First, you cannot inadvertently exit clock mode while you are reading the Clock Read Buffer, since you 
access it as CRU bits 1 -1 4. Second, you cannot enter clock mode solely by accessing CRU bits 0-1 5: SO changes clock 
mode only when the select bit is 1 (clock mode selected). 

In order to read the most recent Clock Counter value, you must do two things: 

• Exit clock mode so the Clock Read Buffer will receive the current Clock Counter contents. 

• Enter clock mode so the Clock Read Buffer will be stable during the read itself. 

Here is the appropriate instruction sequence: 

LI R12,PSI-1-1 LOAD PSI CRU BASE ADDRESS 

SBZ -1 'EXIT CLOCK MODE TO UPDATE READ BUFFER 

SBO -1 ENTER CLOCK MODE TO STABILIZE READ BUFFER 

^ STCR R1,14 READ 14-BIT CLOCK READ BUFFER 

TMS 9901 RESET LOGIC 

You can reset a TMS 9901 in one of two ways: 

1) By inputting a iow signal at RST1. 

2) By using a programmed reset via RST2, a CRU bit. 

In order to use RST1, a low level must be input at this pin for at least two clock periods. 

You can reset the TMS 9 901 u nder program control only when clock mode is selected (CRU bit 0 is 0). At this time, 
writing a 0 to CRU bit 1 5 (RST2) causes the device to be reset. Thus, the following instruction sequence causes a TMS 
9901 device reset: 

LI R12,PSI LOAD PSI CRU BASE ADDRESS 

SBO 0 ENTER CLOCK MODE 

SBZ 15 RESET PSI 

When the TMS 9901 is reset, the INTREQ signal is output high, ICO through IC3 are output low, all interrupt requests 
are disabled, and all I/O CRU bits are placed in input mode. 
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DATA SHEETS 


The following electrical specifications for the TMS 9900 and the TMS 9980A are out of date: we provide them here 
only to give a rough idea of timing and electrical requirements. Texas Instruments is revising its documentation on the 


TMS 9900 series parts. Revised data sheets will appear in updates to this volume and in the next edition. 
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TMS 9900 


TMS 9900 ELECTRICAL AND MECHANICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 

Supply voltage, Vcc (see Note 1 ) -0.3 to 20 V 

Supply voltage, Vqd (see Note 1 ) -0.3 to 20 V 

Supply voltage, Vss (see Note 1 ) -0.3 to 20 V 

All input voltages (see Note 1 ) -0.3 to 20 V 

Output voltage (with respect to Vgs) -2 V to 7 V 

Continuous power dissipation 1.2 W 

Operating free-air temperature range O'C to 70‘’C 

Storage temperature range to ISO^C 

*Stratsa$ beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated In the "Recommended Operating Conditions" 
section of this specification Is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTE 1; Under absolute maximum ratings voltage values are with respect to the most negative supply, Vgg (substrate), unless otherwise 
noted. Throughout the remainder of this section, voltage values are with respect to V^g. 


Data sheets on pages 18-D2 through 18-D8 are reproduced by permission of Texas Instruments, Incorporated. 
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TMS 9900 

RECOMMENDED OPERATING CONDITIONS 



MIN 

NOM 

MAX 

UNIT 

Supply voltage, Vqb 

-5.25 

-5 

-4.75 

V 

Supply voltage, Vcc 

4.75 

5 

5.25 

V 

Supply voltage, Vqd 

11.4 

12 

12.6 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, V|h (all inputs except clocks) 

2.2 

2.4 

Vcc+1 

V 

High-level clock input voltage, V|h( 0) 

VdD -2 


Vdd 

V 

Low-level input voltage, V||_ (all inputs except clocks) 

-1 

0.4 

0.8 

V 

Low-level clock input voltage, V| (_(,{,) 

-0.3 


0.6 

V 

Operating ftee-air temperature, T/; 

0 


70 

°C 


ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYPt 

MAX 

UNIT 



Data bus during DBIN 

V| = Vss to Vcc 


±50 

±100 


l| 

Input current 

WE, MEMEN, DBIN, Address 

bus. Data bus during HOLDA 

V| = Vss to Vcc 


±50 

±100 

HA 



Clock* 

V| = -0.3 to 12.6 V 


±25 





Any other inputs 

V| = Vss to Vcc 


±1 

±10 


VqH 

High-level output voltage 

•o ■ —0.4 mA 

2.4 


Vcc 

V 

VqL 


Iq = 3.2 mA 

0.65 




Iq = 2 mA 

0.50 



Supply current from Vga 


0.1 • 1 

uso 

•cc 

Supply current from Vqc 



50 

75 


Idd 

Supply current from V/qd 



25 

45 


Ci 

Input capacitance (any inputs except 
clock and data bus) 

Vbb = -5. f=1MHz, 
unmeasured pins at Vss 


10 

15 

PF 

Ci(01) 

Clock-1 input capacitance 

Vbb = -5, f=1MHz, 
unmeasured pins at Vss 


100 

150 

PF 

^i(i/>2) 

Clock-2 input capacitance 

Vbb = -5, f=1MHz, 
unmeasured pins at Vss 


150 

200 

pF 

Ci(03) 

Clock-3 input capacitance 

Vbb = -5, f=1MHz, 
unmeasured pins at Vss 


100 

150 

pF 

Ci(04) 

Clock-4 input capacitance 

Vbb = — 5, f=1MHz, 
unmeasured pins at Vss 


100 

150 

pF 

Cdb 

Data bus capacitance 

Vbb = -5, f=1MHz, 

unmeasured pins at Vss 


15 

25 

pF 

Cq 

Output capacitance (any output except 

data bus) 

Vbb “ “5, f = lMHz» 
unmeasured pins at Vgs 


10 

15 

pF 


^ AM typical values are at = 25''c and nominal voltages. 
*D.C. Component of Operating Clock 
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TMS 9900 

TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 
(SEE FIGURES 12 AND 13) 


1 PARAMETER | 

1 MIN 

NOM 

MAX I 

■I22IEH 

ic(0) 

■ Clock cycle time 


0.333 


ps 

1r(0) 

Clock rise time 

s 

12 

2F 

ns 

1f(0) 

Clock fall time 

10 

12 


ns 

1w(0) 

Pulse width, any clock high 

40 

45 

100 

ns 

101L,02H 

Delay time, clock 1 low to clock 2 high (time between clock pulses) 

0 

5 


ns 

102L,03H 

Delay time, clock 2 low to clock 3 high (time between clock pulses) 

0 

5 


ns 

103L,04H 

Delay time, clock 3 low to clock 4 high (time between clock pulses) 

0 

. 5 


ns 

t04L,01H 

Delay time, clock 4 low to clock 1 high (time between clock pulses) 


5 


ns 

t01H,02H 

Delay time, clock 1 high to clock 2 high (time between leading edges) 

73 

80 


ns 

102H,03H 

Delay time, clock 2 high to clock 3 high (time between leading edges) 

73 . 

80 


ns 

t03H,04H 

Delay time, clock 3 high to clock 4 high (time between leading edges) 

73 

80 


ns 

t04H,0 1H 

Delay time, clock 4 high to clock 1 high (time between leading edges) 

73 

80 


ns 

tsu 

, Data or control setup time before clock 1 

30 

ns 

lh 

Data hold time after clock 1 

10 

ns 


SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 
(SEE FIGURE 13) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

tPLH iPHL Propagation delay time, clocks to outputs 

Cl = 200 pF 


20 

40 

ns 


■'d 


-9.4 V 




9.4V-f: 

CLOCK <)1 j\ i\ ^ 

0.7 vJ L| 1 ^0.7 V I 

'r(o) — H 

|<-tw(0)-»^l ‘02H. 03H -►j 


CLOCK 02 


*0 1 L, 0 2H - 


'r\ 


t 0 2L, 03H 


I • 

I 0 3H, 0 4H->| 


I I 


»0 4H, 01 H 


CLOCK 04 


10 3L, 04H — f*-»| 


NOTE: All timing and voltage levels shown on 01 applies to 02, 03, and 04 in the same manner. 




104L.01H 


FIGURE 12 - CLOCK TIMING 
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TMS 9900 


INPUT 


CLOCK 


CLOCK <t>2 


CLOCK 03 


CLOCK «4 


CRUCLK OUTPUT 

OUTPUT 


WAIT OUTPUT 




^The number of cycles over which input/output data must/will remain valid can be determined from Section 3.9. Note that in all cases data 
should not change during 01. 


FIGURE 13-SIGNAL TIMING 
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TMS 9980A 

TMS 9980A/TMS 9981 ELECTRICAL AND MECHANICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 


Supply voltage, Vcc (see Note 1) . . . 

Supply voltage, Vqd (see Note 1) . . . 

Supply voltage, Vbb (see Note 1) (9980A only) 
All input voltages (see Note 1) . . 

Output voltage (see Note 1 ) 

Continuous power dissipation 

Operating free-air terriperature range . . . 

Storage temperature range' 


. -0.3 to 15 V 

. -0.3 to 15 V 

. -5.25 to 0 V 

. -0.3 to 15 V 

. -2Vto7V 
... 1 .4 W 

. 0°C to 7p°C 

-55°Cto 15b°C 


•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 
section of this sp^ification is not implied. -Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1; Under absolute maximum ratings voltage values are with respect to \/33. 


4.2 RECOMMENDED OPERATING CONDITIONS 



MIN 

NOM 

MAX 

UNIT 

Supply voltage, Vbb (9980A only) 

-5.25 

-5 

-4.75 

V 

Supply voltage, Vcc 

4.75 

5 

5.25 

V 

Supply voltage, Vqd 

11.4 

12 

12.6 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, V|H 

2.2 

2.4 

Vcc+1 

V 

Low-level input voltage, V|L 

-1 

0.4 

0.8 

V 

Operating free-air temperature, Ta 

0 

20 

70 

°c 


4.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 


1 1 Input current 

Data bus during DBIN 

V| - Vss fo Vcc 

±75 

mA 

WE, MEMEN, pBIN 

during HOLDA 

V| = Vss to Vcc 

±75 

Any other inputs 

V| = Vss to Vcc 

±10 

Vqh High-level'putput voltage 

Iq “ —0.4 mA 

2.4 

V 

Vql Low-level output voltage 

Iq = 2 mA 

0.5 

V 

Iq = 3.2 mA 

0.65 

Ibb Supply current from Vbb (9980A Only) 


1 

mA 

Ice Supply current from Vcc 


50 60 

mA 

TO^C 

40 50 

IqD Supply current from Vdd 

0°C 

70 80 

mA 

70°C 

65 75 

Input capacitance (any inputs 
^ except data bus) 

f r 1 MHz, unmeasured 

pins at Vss 

15 

PF 

Cqb Data bus capacitance 

f = 1 MHz, urtmeasureej ' 
pins at Vss 

25 

PF 

Output capacitance (any output 

Cq 

except data bps) 

f = 1 MHz, unmeasured 
pins at Vss 

15 

pF 


•All typical values are at = 25°C and nominal voltages. 
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TMS 9980A 


CLOCK CHARACTERISTICS 

The TMS 9980A and TMS 9981 have an internal 4-phase clock generator/driver. This is driven by an external TTL 
compatible signal to control the phase generation. In addition, the TMS 9981 provides an output (OSCOUT) that in 
conjunction with CKIN forms an on-chip crystal oscillator. This oscillator requires an external crystal and two 
cap>acitors as shown in Figure 13. The external signal or crystal must be 4 times the desired system frequency. 


TMS 9981 
CKIN OSCOUT 


—\D\~ 

CRYSTAL 



FIGURE 13 - CRYSTAL OSCILATOR CIRCUIT 

Internal Crystal Oscillator (9981 Only) 

The internal crystal oscillator is used as shown in Figure 13. The crystal should be a fundamental series resonant type. 
Ct and C2 represent the total capacitance on these pins including strays and parasjtics. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Crystal frequency 

0f’C-7O°C 

6 


10 

■SI99 

C1.C2 

0°C-70°C 

10 

15 

25 

^ 


External Clock 

The external clock on the TMS 9980A and optional on the TMS 9981, uses the CKIN pin. In this mode the OSCOUT 
pin of the TMS 9981 must be left floating. The external clock source must conform to the following specifications. 


PARAMETER 

MIN 

TYP 

MAX 

UNIT 

^ext 

External source frequency* 

6 


10 

BIS9 

vh 

External source high level 

2.2 

V 

Vl 

External source low level 

0.8 

V 

Tr/Tf 

External source rise/fall time 

10 

ns 

TwH 

External source high level pulse width 

40 

ns 

TwL 

External source low level pulse width 

40 

ns 


*This allows a system speed of 1.5 MHz to 2 MHz. 
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TMS 9980 A 

SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 

The timing of all the inputs and outputs are controlled by the internal 4 phase clock; thus all timings are based on the 
width of one phase of the internal clock. This is 1/f(CKIN) (whether driven or from a crystal). This is also %fsystem. Ip 
the following table this phase time is denoted tw 

All external signals are vyith reference to 03 (see Figure 14). 


PARAMETER 


tr(03) 

Rise time of 03 

tf(03) 

Fall time of 03 

tw(03) 

Pulse width of 03 

tsu - 

Data or control setup time* 

tti 

Data hold time* 

tpHL(^^ 

Propagation delay time WE high to low 

tPLH(WE) 

Propagation delay time WE low to high 

tpHL(CRUCLK) 

Propagation delay time, CRUCLK high to low 

tpLH(CRUCUK) 

Propagation delay time, CRUCLK low to high 

«OV 

Delay time from output valid to 03 low 

*OX 

Delay time from output invalid to 03 low 


TEST CONDITIONS 


tw=1/f(CKIN) 

=%fsvstern 


Cl = 200pf 



A)} inputs except 1C0'IC2 must be synchronized to meet these requirements. IC0-IC2 may change asynchronously. See section 2.10.4 


CKOUT(03) 







s 

► DON'T CARE< 
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Chapter 19 

SINGLE CHIP NOVA MINICOMPUTER 
CENTRAL PROCESSING UNITS 


In this chapter we are going to look at two microprocessors which are the world's first single chip reproductions 
of established 16-bit minicomputers. We are going to describe two products which reproduce, on a single chip, 
the logic of a Nova Central Processing Unit. 

Nova minicomputers are built by Data General Corporation. 

Data General Corporation offer a set of LSI chips centered on the MicroNova microprocessor. These chips are 
described quite superficially in this chapter since Data General is not actively marketing them as LSI devices. 
Rather, Data General favor the sale of MicroNova microcomputer systems. 

Fairchild manufacture the 9440 microprocessor, which is sold primarily as an LSI device. The 9440 is therefore 
described in some detail, together with standard Nova I/O bus and typical memory bus interface bus logic. 

The Nova minicomputer was designed as a next generation enhancement of the PDP-8. The IM6100, which we have 
described in Chapter 13, is a single chip implementation of the PDP-8 Central Processing Unit. 

If you compare the Nova architectures, which we describe in this chapter, with the IM6100 described in Chapter 13, 
the two products will indeed look very different. But conceptually they are similar. Both the Nova and the PDP-8 
Central Processing Units have few addressable registers; for computing power they rely upon instructions which may 
perform complex sequences of operations. Similarities between the Nova and the PDP-8 will become more apparent if 
you compare these two devices with the CPI 600 and the TMS9900 — which we have described in Chapters 16 and 
18, respectively. 

What is interesting about the Nova minicomputer is that it is one of the most popular in the world; and Data General 
Corporation is the second largest minicomputer manufacturer in the world, despite the fact that many aspects of the 
Nova Central Processing Unit may, on first inspection, appear to be very restricting. 

The MicroNova is manufactured by: 

DATA GENERAL CORPORATION 
Mail Stop 6-58 
Southborough. MA 01772 

The 9440 is manufactured by: 

FAIRCHILD SEMICONDUCTOR 
464 Ellis Street 
Mountain View, CA 94040 

The MicroNova and the 9440 are not the same; differences, however, are small. 

The MicroNova is equivalent to the Nova 3 minicomputer. The Nova 3 is a low-end minicomputer recently in- 
troduced by Data General. Although it is a low-end product it includes a number of features not found in the basic 
Nova architecture. 

The 9440 reproduces basic Nova architecture — that is. the lowest common denominator of architectural features 
found in any Nova Central Processing Unit As such, the 9440 lacks a number of logic features provided by the 
MicroNova. The 9440, however, has higher instruction execution speeds. 

Because the MicroNova and the 9440 are very similar, we are going to describe them together in this chapter. 

The MicroNova is manufactured using NMOS LSI technology. The 9440 is manufactured using Isoplanar integrated in- 
jection logic (I^L) technology. 

Both products are packaged as 40-pin DIPs. 

The MicroNova requires four power supplies; -4.25V, -P5V, -t-IOV and -f14V. The 9440 requires two power sup- 
plies: -f5V and -F350 mA. 
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Using a 240 nanosecond clock, the MicroNova executes instructions in 2.4 to 10 microseconds.Using a 100 nanose- 
cond clock, 9440 instructions will execute in 1 to 2.5 microseconds. 


A PRODUCT OVERVIEW 

Figure 19-1 illustrates that part of our general microcomputer system logic which has been implemented by the 
MicroNova and the 9440. 

Note that only the MicroNova has a Stack Pointer, and DMA logic. 

Most Nova minicomputers do not have a Stack; the 9440 is a reproduction of the basic Nova architecture, which is why 
the 9440 lacks a Stack. 

The MicroNova and Nova 3 do contain Stacks, because the addition of the Stack is technologically straightforward, 
while the lack of a Stack had been one of the most distressing features of earlier Nova minicomputers. 

Both the 9440 and the MicroNova have DMA request and DMA acknowledge signals; however, in response to a DMA 
request, the 9440 does nothing except float the System Bus. It is up to you to provide any and all external logic needed 
to actually perform a data transfer via direct memory access. The MicroNova, on the other hand, executes the required 
sequence of I/O operations to actually perform the DMA transfer. That is why in Figure 19-1 DMA logic is shown as 
being present on the MicroNova but not the 9440. 

What about I/O ports? I/O ports interface logic is shown as absent in Figure 19-1. The I/O port is a microcom- 
puter concept. 


In any microcomputer configuration, you will look upon I/O ports as the ultimate interface between the microcomputer 
system and external logic. You need a conduit via which data bits or signals can be transferred to, or received from 
logic beyond the microcomputer systern. Each conduit becomes an l/D port and an I/O port becomes a set of pins, 
which can be addressed as a unit on a support device. Minicomputers' Take a conceptually different approach to I/O 
operations. To begin with, data is generally transferred to or from thelCPU — not signals. The data finishes up on a 
System Bus. Therefore a minicomputer's interface with the outside world consists of an I/O System Bus and a memory 
System Bus. In some cases the two busses are one; in other cases, suchia'sThe Nova minicomputers, these two are sep- 
arate and distinct busses. Conceptually, what is important is the fact that the minicomputer anticipates transferring 
data via its I/O System Bus to line printers, disk units, or other substantial devices each of which is capable of having a 
significant amount of local logic. Thus the System Bus is as far as the minicomputer attempts to go when defining its 
interface to the outside world. 


Figure 19-1, including bus interface logic within the logic of the Central Processing Unit, needs some clarifica- 
tion. As we have just stated, the Nova minicomputer creates two separate System Busses: one for memory, the other 
for I/O devices. All the signals of these two busses originate at card edge pins. There is nothing very expensive about 
adding more pins to the edge of a card, as there is to adding more pins to a DIP. Therefore the Nova System Bus has 47 
signals. Since neither the MicroNova nor the 9440 can have 47 signals, neither of these two devices creates standard 
Nova System Busses; but each device creates its own System Bus which could be used to drive external logic. That is 
why interface logic is shown as being present in Figure 19-1. 
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Figure 19-1. Logic of the Data General MicroNova and the Fairchild 9440 










There is one further major difference between the MicroNova and the 9440 which is not evident from Figure 
19-1. The MicroNova provides transparent dynamic memory refresh logic. The 9440 has no dynamic memory 
refresh logic. 

The MicroNova, but not the 9440, contains an elementary interval timer capability. Providing interrupt timer logic 
is enabled, the MicroNova will generate an interrupt request every 20,000 instruction cycles. Using a standard 8.333 
MHz clock, this translates to an interrupt request occurring every 2.4 msec. 

Note that the MicroNova and the Nova 3 interval timer logic differ. The Nova 3 provides four programmable interval 
timer options: the MicroNova provides just one. 

NOVA PROGRAMMABLE REGISTERS 

These are the programmable registers of the MicroNova and the 9440: 

15 


14 

Data General literature numbers registers and memory words from left to right, rather than as illustrated above, from 
right to left. Also Data General is one of the few minicomputer manufacturers that uses octal numbering. In order to re- 
main consistent with the rest of this book, we will use hexadecimal numbers, and we will number registers from right to 
left; where confusions may arise, we will show both our standard numbers and Data General equivalents. 

AGO and AC1 are typical primary Accumulators. AC2 and ACS may be used as Accumulators or as Index 
registers. The Jump-to-Subroutine instruction automatically stores the return address in ACS. If one subroutine 
is going to call another (i.e., you are nesting subroutines), then the calling subroutine must save the contents of ACS 
before itself calling another subroutine. 

Only the MicroNova has a Stack Pointer. The only instructions that access the Stack Pointer are "Push” and "Pop” 
instructions. 

The MicroNova, but not the 9440, also contains a Frame Pointer register. The Frame Pointer register is an address 
buffer used to access the Stack. This may be illustrated as follows: 


MEMORY 



Primary Accumulator 


Stack Pointer 
Frame Pointer 


ACO 
AC1 

/ 

AC2 Accumulator and Index register 
AC3 Accumulator, Index register and 
Subroutine Return Address register 

■ MicroNova Only 


The Frame Pointer is a buffer register; it is not a Data Counter. There are no instructions that access the memory loca- 
tion addressed by the Frame Pointer. 

Observe that we show no programmable registers identified as Data Counters, even though in Figure 19-1 we show 
Data Counter logic as being present. This is because the Data Counter is another microcomputer concept — in effect, a 
subset of the Index register. If a memory reference instruction specifies direct, indexed addressing with a zero displace- 
ment, then Index Registers AC2 and AC3 are equivalent to Data Counters. 
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NOVA MEMORY ADDRESSING MODES 

Both the MicroNova and the 9440 offer the following standard Nova memory addressing modes: 

1) Base page, direct addressing 

2) Program relative, paged, direct addressing 

3) Indirect addressing 

4) Indirect addressing with auto-increment 

5) Indirect addressing with auto-decrement 

6) Direct, indexed addressing 

7) Pre-indexed, indirect addressing 

These addressing modes have been described in Volume 1, Chapter 6. 

Nova memory addressing' modes are heavily influenced by the fact that every Nova instruction generates a single 16- 
bit object code — just as the predecessor PDP-8 instructions each generated a single 1 2-bit object code. Even memory 
reference instructions are confined to 1 6 bits of object code; therefore the memory reference instruction can only pro- 
vide a short address displacement. Whereas PDP-8 memory reference instructions provide a 7-bit address displace- 
ment, the Nova provides an 8-bit address displacement, which is handled in a much more intelligent fashion. 

Nova instructions that use simple, direct addressing treat the 8-bit displacements as a direct, page zero ad- 
dress, or as a signed binary, program relative displacement. Thus you can directly address the first 256 words of 
memory, or you can address any location within -1-127 to -128 words of the memory reference instruction itself: 



FF80 (FF80 = -80) 
FF81 (FF81 = -7F) 
FF82 (FF82 = -7E) 
Address displacement 
equals yy 


7D 

7E 

7F 


Remember, in microcomputer applications, program relative direct addressing is fine for Jump instructions, but is of 
limited value when accessing data memory. When a microcomputer program is stored in read-only memory, program 
relative, direct addressing can be used to read constant data only. 

Nova instructions that specify direct, indexed addressing, compute the effective memory address as the con- 
tents of either AC2 or ACS, pius the 8-bit displacement provided by the instruction object code. The 8-bit dis- 
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placement is treated as a signed binary number. Since the Index registers are 16 bits wide, direct indexed addressing 
allows you to address any memory word. This may be illustrated as follows: 

Accumulator AC2 or AC3 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 



Indirect addressing may be superimposed on any of the memory addressing options de- 
scribed thus far. Indirect addressing is identified by a "1" in bit 10 of the Memory Reference in- 
struction's object code. When indirect addressing is specified, the effective memory address is the 
contents of the directly addressed memory word. 

Let us examine the various indirect addressing options. First there is page zero indirect ad- 
dressing: 


NOVA 

DIRECT 

MEMORY 

ADDRESSING 


NOVA 
INDIRECT 
PAGE ZERO 
ADDRESSING 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Page Zero 
Indirect addressing 


In the illustration above, arbitrary, real memory addresses have been selected to make the illustration easier to unders- 
tand. 
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Program relative, indirect addressing may be illustrated as follows: 


NOVA 

INDIRECT 

PROGRAM 

RELATIVE 

ADDRESSING 


15 U 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -* ‘Bit No. 
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Indirect indexed addressing may be illustrated as follows: 


NOVA 

INDIRECT 

INDEXED 

ADDRESSING 


Accumulator AC2 


15 U 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 



The illustration above arbitrarily uses indexed addressing via Accumulator AC2. Also the computed effective memory 
address is identical to that which was obtained in the indirect program relative addressing illustration. 

Observe that Nova indirect addressing logic results in pre-indexed indirect addressing. As described in Volume 1 . 
Chapter 6, this is less desirable than post-indexed indirect addressing. 
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If, and only if indirect addressing has been specified by a "1" in bit 10 of a Memory Reference in- 
struction's object code, then the contents of the data fetched from memory are treated as a direct 
address, providing the high-order bit of the direct address is 0. If the high-order bit of the address 
is 1, then the address is treated as another indirect address pointer. This may be illustrated as 
follows; 


NOVA 

MULTIPLE 

INDIRECT 

ADDRESSING 



Note carefully that multilevel indirect addressing will occur only when indirect addressing is specified in the first place. 
If you execute a direct memory reference instruction, data will never be interpreted as an address. 

The Nova indirect addressing logic means that, given a 16-bit indirect address, only 15 bits actually address memory: 
therefore you are limited to a 32,768 word memory address space: 

15 14 13 12 mo 9 8 7 6 J 4 3 2 1 0 » No. 

rr I I I I I I I I I I I I i 

TIwm 15 bits sddrscs 32.768 msmory words 

0 •dirsct addrass 

1 * indbsct address 

The Nova minicomputers and microcomputers also provide indirect addressing with auto-increment and auto- 
decrement addressing. If you indirectly address one of the eight memory locations. 001 0 -) 5 through 001 7] 0 , then the 
contents of the addressed memory location are incremented at the beginning of the memory access. Thus you have in- 
direct addressing with auto-increment. 

If you indirectly address any one of the locations, 001 810 through 001 F 10 then the contents of the addressed memory 
location will be decremented at the beginning of the memory access. Thus you have indirect addressing with auto- 
decrement. 

Neither the MicroNova nor the 9440 provide memory mapping logic. Memory mapping is a technique whereby 
more than 32,768 words of addressable memory may be accessed. The Nova 3 minicomputer is capable of supporting 
memory mapping as an option. 

Nova minicomputers have separate memory and I/O device spaces. I/O instructions include six 
bits which identify one of 64 I/O devices. Because Nova minicomputers and microcomputers treat 
I/O devices in a manner that differs significantly from the typical microcomputer, we will defer our 
discussion of I/O addressing until we have looked at pins, signals and System Busses. 


NOVA I/O 

DEVICE 

ADDRESSING 
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NOVA STATUS FLAGS 

Nova minicomputers contain just one status flag, as we would define it, and that is the Carry status. Instruc- 
tions are able to test for a zero or nonzero condition occurring at the conclusion of an instruction's execution, 
but no permanent zero status flag exists. 

MicroNova also has these interrupt related status flags: 

• Interrupt Enable ] 

• Real Time Clock Enable I 

• Real Time Clock Request / MicroNova Only 

• Stack Overflow Request j 

The interrupt related status flags do not occur as addressable locations in any Status register; rather they represent flip- 
flops which are set or reset during the course of interrupt handling. 

The interrupt enable bit is a master enable which is set to 1 in order to enable all interrupts. Specific instructions allow 
all interrupts to be enabled or disabled. 

The MicroNova has a Real Time Clock interrupt enable bit and a Real Time Clock request bit. The Real Time Clock ena- 
ble bit must be set to 1 in order to enable Real Time Clock interrupts; as soon as a Real Time Clock interrupt occurs, the 
Real Time Clock enable bit and the Real Time Clock request bit are reset to 0. 

The Stack Overflow request bit is only present in tjie MicroNova, since only the MicroNova has a Stack. A Stack over- 
flow condition occurs if, following a push operation, the incremented contents of the Stack register have zeros in the 
eight low-order bits. What this implies is that the Stack must reside within a 256-word memory page: 


Arbitrary 

Memory 



When a Stack overflow occurs, the Stack Overflow request bit is set to 1 and an interrupt is requested. 

MICRONOVA AND 9440 CPU PINS AND SIGNALS 

As we stated earlier in this chapter, minicomputer Central Processing Units are implemented on cards, not 
DIPs; therefore they usually have System Busses containing more than 40 signals. The standard Nova System 
I/O Bus contains 47 signals; furthermore, the Nova System Bus is, in effect, two busses: one communicating 
with memory, while a separate and distinct bus communicates with I/O devices: 
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Table 1 9-1 briefly defines the functions of bus signals. The I/O Bus is standard for all Nova line computers, while the 
Memory Bus is different for each model. We give the Memory Bus signals of the Nova 2 in Table 19-1. 

Table 19-1. Nova System Bus Signals 


STANDARD NOVA SYSTEM l/jj BUS 


1 SIGNAL 

DIRECTION 

RJNCTION OR INDICATION 


To Device 

Device selection 

DATAO - DATA 15 

Bidirectional 

Data and address lines 

DATOA 

To Device 

Data out to device's A buffer 

DATIA 

To Device 

Data in from device's A buffer 

DATOB 

To Device 

Data out to device's B buffer 

DATIB 

To Device 

Data in from device's B buffer 

DATOC 

To Device 

Data out to device's C buffer 

DATIC 

To Device 

Data in from device's C buffer 

STRT 

To Device 

Start device — clear Done flag, set Busy flag and clear device's INT REQ 

CLR 

To device 

flip-flop 

Gear device's Busy and Done flags and INT REQ flip-flop 

iopLs 

To Device 

I/O Pulse — user-defined function 

SELB 

To Procfessor 

Selected device's Busy flag is set 

SELD 

To Processor 

Selected device's Done flag is set 

RQENB 

To Device 

Enable interrupt or DMA requests 

INTR 

To Processor 

Interrupt request 

Interrupt priority 

Wfp 

To Device 

INTA 

To device 

Interrupt acknowledge 

MSKO 

To Device 

Interrupt mask out 

DCHR 

To Processor 

Data channel request (DMA request) 

DCHP 

To Device 

Data channel priority 

DCHA 

To Device 

Data channel acknowledge 

DCHMO.DCHMI 

To Processor 

Data channel mode; 

bqHi 

To Device 

DCHMO DCHM1 

1 1 Data out 

1 0 Increment memory 

0 1 Data in 

0 0 Add to memory 

Data channel in 

DCHO 

To Device 

Data channel out . 

OVFLO 

To Device 

Overflow: result of memory increment or add exceeds FFFF,, 

lORST 

To Device 

Gear all I/O devices 


THE NOVA 2 MEMORY BUS 



SIGNAL 

DIRECTION 

FUNCTION OR INDICATION 

A0-A14 

To Memory 

Memory address lines 

DATAO - DATA 15 

Bidirectiorial 

Memory data lines 

INHIBIT SELECT 

To Memory 

Inhibits selection of memory module 

BMEMEN 

To Memory 

Starts memory cycle 

WRITE 

To Memory 

Memory write 

BRMW 

To Memory 

Causes pause between read and write 

WE 

To Memory 

Enable write after pause in read-pause-write cycle 

SYNC ENABLE 

To Processor 

CPU hold control 

RELOAD DISABLE 

To Memory 

Inhibits loading of memory buffer 

WAIT 

To CPU 

Disables other memory nrxxiules during write portion of memory cycle 

MEM CLOCK 

To Memory 

Memory Clock 

EXTERNAL SELECT 

To Memory 

Allows module to be selected despite contents of address lines 

EXTERNAL MBLD 

To Memory 

Allows data to be stored in memory buffer without starting a memory 
cycle 


If you are using the MicroNova or 9440 in a new product, then there is no reason why you should create the standard 
Nova System Busses. Providing the signals generated by the MicroNova or the 9440 are adequate for your needs, you 
can interface external logic directly to these two devices. 

Let us first look at the MicroNova pins and signals, which are illustrated in Figure 19-2. 

Two clock signals, 4>1 and <1>2, must be input to synchronize all MicroNova logic. 
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The Memory Bus consists of a 16-bit Address/Data Bus, plus three control signals: SAE, 
and WE. 

The Address/Data Bus connects to pins MBO - MB15. P is a synchronization signal, SAE is a ret 
enable and WE is a write enable. 

The I/O Bus consists of just four signals: 

I/O CLOCK synchronizes I/O transfers. 

I/O DATA1 and I/O DATA2 are bidirectional data and control signals. 

I/O INPUT identifies ne direction of data transfers occurring via I/O DATA1 and I/O DATA2. 

As compared to other microcomputers described in this book, the MicroNova I/O interface is very unusual. Only the 
TMS 9900 I/O logic is at all similar. A 1 6-bit I/O data transfer occurs as two 8-bit serial units. This may be illustrated as 
follows; ' 


MICRONOVA 
MEMORY BUS 


MICRONOVA 
I/O BUS 



Eight serial bits are input in less than one microsecond; therefore this method of handling I/O is as fast as the parallel 
data input operations described for other microcomputers. 

Each data transfer is preceded by one of four codes generated by levels output via I/O DATA1 and I/O DATA2. These 
are the four codes: 


I/O DATA1 
1 • 

1 

0 

0 


I/O DATA2 INTERPRETATION 

1 Accompanying I/O low pulse may be used to synchronize interrupt requests 

and DMA requests. 

0 DMA request acknowledge. 

1 I/O data transfer. The transfer direction is specified by I/O INPUT. 

0 I/O command out. 


Thus every I/O operation will begin with I/O DATA1 and I/O DATA2 bei ng o utput during a low I/O CLOCK pulse . I/O IN- 
PUT wil l be low at this time since data is being output via I/O DATA1 and I/ O DATA2. P rovi ding I/O DA TA1 and I/O 
DAT A2 specify a data transfer to follow, the actual.data transfer will occur via I/O DATA1 and I/O DATA2 with I/O IN- 
PUT identifying the data transfer direction. . 
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CLAMP 

PAUSE 

< 1)1 

«t>2 

I/O DATA1 
I/O DATA2 
I/O INPUT 
I/O CLOCK 
Vss (G ROUND) 
MB1S ■ 

MB14 ^ ■ 
MB13 ’ 

MB12 

MB11 


PIN NAME DESCRIPTION TYPE 

<1)1. <t >2 Clock Signals Input' 

MBO'MBIS Address/Data Bus Bidirectional 

P Memory Synchronization Output 

SAE Memory Read Enable Output 

WE Memory Write Enable Output 

I/O CLOCK I/O Synchronization Bidirectional 

I/O DATA I, I/O DATA2 ■ Data and Control Bidirectional 

I/O INP UT Transfer Direction , Output 

CLAMP Power-On Reset Input 

HALT CPU Halt^ Output 

DCH INT DMA Request Input 

EXT INT External. Interrupt Request Input 

PAUSE Memory Bus Grant Output 

Vbb '^DD' '^GG' '^SS Power and Ground 


Figure 19-2. MicroNova CPU Signals and Pin Assignments 


There are two CPU control signals which are not part of either the Memory Bus or the I/O Bus. 

Follo wing pow er-up, the MicroNova CPU will not perform any operation until a high input occurs at CLAMP. 

When CLAMP goes high, int errupts are enabled. Real Time Clock and Stack Overflow interrupt requests are cleared, 
and the CPU is halted. Once CLAMP has been input high, it is ignored until the MicroNova is powered down and then 
powered up again. .... 

The HALT signal is output by. the MicroNova as a high pulse wh ile the MicroNova CPU has been. halted —either in 
response to execution, of a Halt instruction, or following CLAMP going high. 

There are two MicroNova signals asso ciated with interrupt logic. DMA requests are made via DCH INT while 
any external interrupt is requested via EXT INT. Both the DMA request and the interrup t re quest must be syn- 
chronized with instruction execution timing. This synchro nization is p rovi ded by I/O D ATAI and I/O DATA2, as we 
haye already described. The. DMA acknowledge occurs via I/O DATAI and I/O DATA2. There is no external interrupt 
acknowledge signal; however, such a signal can be derived from the Memory Bus, as we will describe later in this 
chapter. 

PAUSE is output low by the CPU when devices other than the CPU are permitted to access memory. 

Now look at 9440 pins and signals, which are illustrated in Figure 19-3. 

These pins and signals create a single Systerh Bus. No attempt is made to create separate Memory and I/O 
Busses. 

You may connect a crystal across CP and XTL in order to create a master clock signal, or you may input a clock 
signal via CP. 
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PIN NAME 

DESCRIFTION 

TYPE 

XTL, CP 

Dock Signals 

Input 

SYN 

Synchronization Signal 

Output 

CLK OUT 

Systerp, Clock 

Output 

IBO - IB15 

Data/Addre^ Bus 

Bidirectional 

MO -M2 

Memory Controls 

Output 

MBUSY 

Memory Busy 

Input 

00, 01 

I/O Control 

Output 

INTREQ 

Interrupt Request 

Input 

INT ON 

Interrupt Enable 

Output 

DCH REQ 

DMA Request 

Input 

RUN 

CPU Running 

Output 

CARRY 

Carry Status 

Output 

CO - C3 

Front Panel/Console Control Signals 

Input 

MR 

Master Reset 

Input 

i|Nj. Vcc. gnd 

Power and Grouitd 



Figure 19-3. 9440 CPU Signals and Pin Assignments 

The 9440 generates a single synchronizing output (SYN). The CPU clock is output to the 
systfem via cLk OUT. 

IBO - |B1 5 provides the 9440 with a multiplexed 16-bit Data and Address Bus. This bus car- 
ries addresses to memory ari d I/O devices, and it carries bidirectional data between the CPU and 
memory or I/O devicfes. IBO - IB15 are low true; a low signal level represents a 1 bit. 

IBO is the high-order bus line while IB15 is the low-order. bus line. This agrees with No va co n ventio ns. This 
chapter, and this whole book describe the low-order bit as bit 0 — exactly the reverse of IBO - IB15. 

There are three control signals on the 9440 CPU-memory interface. 

MO is output low to identify a hnemory read. 

Ml is output low to identify a memory write. 

M2 is output low to identify a memory address being output. 

External memory interface logic inputs MBUSY low while it is responding to any memory access. MBUSY, is similar to 
the WAIT signals that yve have described for other microcomputers; it can be used to make the CPU wait for slow 
memory to respond to a CPU access request. 

The 9440 has two I/O control signals 00 and 01 . These two control signals define I/O and memory accesses as follows: 

01 = 0 00 = 0 Instruction Fetch 
01 = 0 00 = 1 Data Channel Access 
01 =1 00 = 0 Execute I/O Operation 
01 = 1 00 = 1 No I/O 
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There are two signals associated with 9440 interrupt logic. 

An external interrupt is requested by inputting INT REQ low. 

INT ON indicates whether or not interrupts are enabled. This signal is high when interrupts are enabled: if this sig- 
nal is low, interrupts are disabled. 

A DMA request is made by inputting DCH REQ low. The DMA request is acknowledged by 01 and 00 being output 
low and high, respectively. 

There are seven signals provided by the 9440 specifically to support a front panel or console. 

Two of the front panel or console signals are outputs: these are the RUN and CARRY signals. 

RUN is output high while the CPU is executing programs: it is output low while the CPU is halted. RUN is used to gener- 
ate an appropriate front-panel display light: it is also equivalent to a Halt acknowledge, as described in this book for 
many other microcomputers. 

CARRY represents the condition of the Carry status. This signal is output specifically to drive a front-panel light. 

Five input control signals are provided for switches on a front-panel. Four of these signals are CO, Cl, C2 and 

C3: they perform the following operations: 

C3 C2 Cl CO FUNCTION 

0 0 0 0 Display ACO contents at console 

0 0 0 1 Display AC 1 contents at console 

0 0 10 Display AC2 contents at console 

0 0 11 Display AC3 contents at console 

0 10 0 Increment Program Counter and then display contents of addressed memory word 

0 1 0 1 Display contents of addressed memory word 

0 110 Load memory from console switches 

0 111 Halt 

1 0 0 0 Deposit switches into ACO 

10 0 1 Deposit switches into AC 1 

10 10 Deposit switches into AC2 

10 11 Deposit switches into AC3 

1 1 0 0 Load Program Counter from console switches 

110 1 Continue/Run 

1110 Increment Program Counter and then load memory from console switches 
1 1 1 1 No Operation 

The first 9440 devices decoded the C lines in a slightly different manner. The following combinations were 
different operations: 

C3 C2 Cl CO FUNCTION 

0 10 0 Load Program Counter from console switches 

0 110 Not used 

110 1 Load memory from console switches 

1110 Continue/Run 

MR is the Reset inpu t to the 9440. When this line is pulled low: the 9440 halts immediately and clears the Interrupt 

Enable flip-flop. Once MR goes high, the CPU will remain in the Halt state until it receives the "Run" command from 

lines C3- CO. 
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Figure 19-4. The Nova Arithmetic and Logic Unit 


15 14 13 12 1 no 9 8 7 6 5 4 3 2 1 0 ^^Bit No. 

|l is|S|DjD|T|T|T|H|H|c|c|L|K|K}K| -«*- Arithmetic/Logic instruction 




> 000 No skip 
001 Always skip 

010 Skip if Carry is Zero 

01 1 Skip if Carry is One 

100 Skip on Zero result 

101 Skip on nonzero result 

1 10 Skip on either Carry or result zero 

1 1 1 Skip on Cany and result both nonzero 

0 Store result in destination Accumulator 

1 Discard result 

00 Preserve current Carry status 

01 Zero Carry 

10 Set Carry to 1 

1 1 Complement current Carry 

These operations are performed on Carry before 
entering the ALU 

00 No operation 

01 Left rotate one bit position 

10 Right rotate one bit position 

1 1 Swap bytes 

These operations are performed on the ALU output 

000 Complement 

001 Twos Complement (Negate) 

010 Move 

01 1 1ncrement 
1CX)Add Complement 
101 Subtract 
110 Add 

”1AND OOACO 

Destination Accumulator I 01 AC1 

Source Accumulator I 

' 11AC3 


Figure 19-5. Arithmetic/Logic Instruction Object Code Interpretation 
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CPU LOGIC AND INSTRUCTION EXECUTION 


The manner in which the Nova CPU executes instructions differs markedly from microcomputers described 
earlier in this book. We will therefore begin our discussion of CPU operations by looking at overall CPU architec- 
ture. 

Our discussion of Nova CPU logic is tied to instruction object code bit patterns; this happens to be the simplest way of 
describing the Nova CPU. We will look at instructions from a programmer’s perspective when we examine the Nova in- 
struction set. 

Nova instructions may be divided into these three groups: 

1) Arithmetic, Boolean and logical operations which are essentially internal to the CPU. 

2) Memory reference instructions which offer a variety of memory addressing modes and very little else. 

3) I/O instructions which are designed to allow a considerable amount of intelligence in I/O devices. 

Let us examine each group of instructions and associated CPU logic. 

ARITHMETIC/LOGIC INSTRUCTIONS 

The power of the Nova CPU lies in the fact that many logic functions are implemented sequentially along a 
single data path through the CPU. This is iliustrated in Figure 19-4. This figure shows how individual bits of 
arithmetic and logic instruction object codes directly identify the many options available as data makes a single tour 
through the CPU. Figure 19-5 provides specific arithmetic and logic instruction object code interpretations. 

Data to be operated on is always fetched from the Accumulators. Results are always returned to an Accumulator. For 
two-operand instructions, such as binary addition, the Destination Accumulator also serves as the second Source Ac- 
cumulator. For one-operand instructions, such as a complement, there will be one Source Accumulator and one 
Destination Accumulator; the same Accumulator may serve as source and destination. 

As the source and destination definitions would imply, the Nova has no Secondary Memory Reference (or Memory 
Operate) instructions as we define them; for example, you cannot directly add the contents of a memory word to the 
contents of an Accumulator. 

In addition to one or two 1 6-bit data words, the Carry status is input to the Arithmetic and Boolean logic unit. You may 
input the Carry status as is, or you may complement it, reset it to 0 or set it to 1 . If you modify the Carry status, then the 
modified Carry status becomes the new input to the Arithmetic and Boolean logic. 

You may specify one of eight Arithmetic and Logic operations. The Move operation serves both as a Move and a No 
Operation. By specifying the same Accumulator as the source and destination for a Move, Arithmetic and Boolean logic 
is bypassed. Notice that only one Boolean operation, the AND, is provided. This is an inconvenience rather than a prob- 
lem. As discussed in Volume 1 , Chapter 2, you can combine the AND and complement operations to generate an OR or 
an Exclusive-OR. The following Nova instruction sequences substitute for the OR and Exclusive-OR: 

;OR the contents of ACX with ACY. Leave the result in ACY 
COM ACX,ACX Complement ACX 

AND ACX.ACY AND ACX with ACY. Result to ACY 

ADC ACX.ACY Add original ACX. Result to ACY 

;Exclusive-OR ACX with ACY. Leave the result in ACY. 

;ACZ is needed for temporary data storage 

MOV ACY.ACZ Save ACY in ACZ 

ANDZL ACX, ACZ Store twice ACX AND ACY in ACZ 

ADD ACX.ACY Add ACX to ACY 

SUB ACZ.ACY Subtract twice ACX AND ACY 

The 1 6-bit output from the Arithmetic and Boolean logic, together with the Carry status, passes to the Shifter and Byte 
Swap logic; here the 1 7-bit data unit may be rotated left or right, high and low-order bytes of the 1 6-bit data unit may 
be swapped, or this logic may be bypassed. 

The Shifter and Byte Swap logic outputs 16 bits of data, plus the Carry status. The data and the Carry status may be 
tested separately, and based on one of eight identifiable conditions, the Program Counter contents may be incre- 
mented; this provides conditional skip logic. Figure 19-5 defines the eight conditions that may cause a skip. 

Finally you have the option of preventing results from being stored in the Destination register; this enables conditional 
branch logic without modifying the contents of any Accumulator. 
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In summary, the five operations that can be specified by a single arithmetic/logic instruction may be illustrated 
as follows: 





It would take four or five typical microprocessor instructions to perform the same operations that a single Nova instruc- 
tion can perform. 

Arithmetic/logic instruction options are specified in the source program using compound mnemonics. The mnemonics 
are created as follows: 

© O © ® © 

A) COM A) A) L A) # A) SZC 

B) NEC B) Z B) R B) B) SNC 
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The numbers and and the letters A), B), C), D), E), F), G) and H) are keyed to the previous 

illustration. ACs represents '^Source Accumul^or" while ACd represents "Destination Accumulator”. Thus the instruc- 
tion "set carry to 0, then add AC1 contents to AC2. shift the result left one bit, keep the result, but skip on carry set 
"will create the mnemonic: 

ADDZL AC1,AC2,SNC 

All logic associated with the execution of arithmetic/logic instructions is provided by the MicroNova and the 
9440 chips. 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 - 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 - 

|z[z|z|a|a| I |X|xlD|Dio|o|D|D|D|o( 



■ Information Bus line 


■ Memory Reference instruction 


Displacement 

00 Page 0 addressing 

01 Current page addressing 
10AC2 indexed addressing 
1 1 AC3 indexed addressing 
0 Direct addressing 

1 1ndirect addressing 

00 Select ACO 

01 Select AC1 

10 Select AC2 

1 1 Select AC3 

001 Load selected Accumulator from memory 
010 Store selected Accumulator contents 


Figure 19-6. Load and Store Instruction Object Codes 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 - 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 - 
|0|0|0|F|F|j|x|X|D|D|0|D|olD|D|ok- 



Information Bus line 


-Jump and Modify Memory instruction 


■Displacement 
■00 Page 0 addressing 
01 Current page addressing 
10AC2 indexed addressing 
1 1 AC3 indexed addressing 
■0 Direct addressing 

I Indirect addressing 
■00 Jump 

01 Jump to subroutine 

10 Increment memory and skip if zero 

I I Decrement memory and skip if zero 


Figure 19-7. Jump and Modify Memory Instruction Object Codes 
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 • Information Bus line 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 



io|l|l|A|A|T|T|T|C|c|v)v|v|v|v|V 


Input/Output instruction 


I/O device 
000000 Not Used 


000001 

mill 


! 


CPU instructions 


00 No operation 

01 Clear Done and set Busy to start device 

10 Clear Done and Busy to idle device 

11 Pulse I/O control line 


000 No I/O operation 

001 Input data from A 

010 Output data to A 

011 Input data from B 

100 Output data to B 

101 Input data from C 

1 10 Output data to C 

111 Skip (see Figures 17-9 and 17-10) 
Source/ Destination register 
OOACO 

01 AC1 
10AC2 
1 1 AC3 . 


Figure 19-8. General Input/Output Instruction Object Code Interpretation 


MEMORY REFERENCE INSTRUCTIONS 

Since the four Accumulators of the Nova CPU must provide data sources and destinations for all arithmetic and 
logic instructions, you will constantly move data between memory and one of the four Accumulators. We have 
already described the Nova addressing modes. Figure 19-6 illustrates memory reference instruction object codes 
and addressing mode specifications. You can load data into any Accumulator, or you can store the contents of any 
Accumulator in memory. 

There are four Jump and Modify Memory instructions. Object codes are given in Figure 19-7. The memory ad- 
dressing options described earlier in the chapter apply also to the Jump and Modify Memory instructions. 

The Jump-to-Subroutine instruction requires special mention; this instruction stores the subroutine return address 
in Accumulator AC3. If you are going to nest subroutines then you must write your own subroutine to create a 
software stack. Note that even the MicroNova, which has a stack, does not use it when a Jump-to-Subroutine 
instruction is executed. 

MicroNova and 9440 chips provide all effective memory address computation logic and reduce memory 
reference instructions, as external logic sees them, to typical address and data transmissions with accompany- 
ing control strobe signals. 

But remember, there is no such thing as a "standard" Nova memory bus. 

INPUT/OUTPUT INSTRUCTIONS 

Figure 19-8 illustrates input/output instruction object code interpretations. 

Every I/O device that communicates with a Nova minicomputer must have a Busy status 
and Done status. These are bidirectional statuses; they are modified by the CPU to control the 
I/O device and they are modified by the I/O device to indicate the status of the I/O operation. 


NOVA I/O 
DEVICE 
BUSY AND 
DONE STATUS 
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This is how the Busy and Done statuses are interpreted: 


BUSY DONE 

0 0 Device idle 

1 0 CPU "starts” device by setting Busy to 1. 

0 1 Device resets Busy to 0 and sets Done to 1 when device 

operation is complete! 

. 1 0 CPU resets Done to idle device, or sets 

Busy for next device operation. 

. 1 1 Illegal 



Figure 19-9. Input/Output Skip instruction Object Code Interpretation 


You start and stop I/O devices by manipulating device Busy and Done statuses. 

Every I/O device may optionally have up to three individually addressable registers, referred NOVA 
to as Registers A, B and C. I/O DEVICE 

REGISTERS 

You transfer data between one of the four CPU Accumulators and one of the three I/O device 
registers. 



Information Bus line 
Bit No. 

CPU I/O instruction 


00 No operation 

01 Enable interrupts 

10 Disable interrupts 

1 1 No operation 

000 No operation 

001 Read Console switches 

010 Clear 1/5 devices (MicroNova) 
Oi 1 Acknowledge interrupt 

100 Output interrupt mask 

101 Clear I/O devices (9440) 

110 Halt „ 

1 1 1 Skip as follows; 

00 Skip if interrupt request true 

01 Skip if interrupt request false 
10 Skip if power fail flag iS 1 

i 1 Skip if power fall flag is 0 
Source or Destination Accumulator 
OOACO 
01 AC1 
10AC2 

1 1 ACS 


Figure 19-10. CPU Device 3Fi6 Input/Output Instruction Object Code interpretation 
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Both a status manipulation and a data transfer Imay be specified by a single I/O iristruction; these two operations occur 
in parallel and are supported by appropriate control signals on the I/O bus. 

The Nova CPU must be able to poll the Busy and Done statuses of an I/O device.i just as nhost microprocessors read the 
contents of an I/O device Status register. The Nova CPU responds to status cori^itipn tests by optionally performing a 
Skip (which means the Program Counter contents are, incremented). This variation of I/O instructions is illustrated in 
Figure 1 9-9. 

Six bits of every I/O instruction object code are used to identify the I/O device being ad- 
dressed. This gives you a total of 64 devices in the I/O device address space. But iri drder to 
enhance its instruction set the Nova uses selected I/O device numbers to encode instructions in- 
ternal to the CPU. l/b device numbers 0, 1 and BFiis are reserved for thjs purpose. I/O^device 
3 Fi 6 selects a number of interrupt related instructions whose object codes are defined in 
Figure 19-10. I/O device numbers 0 and 1 implement instructions illustrated in Figure 19-11. 

You will have to add considerable logic beyond the 9440, or the MicroNova, if you are going to execute all I/O 
instructions described in Figures 19-8, 19-9, 19-10 and 19-11. The only logic provided by the CPU chips them- 
selves support that part of the I/O operation which is exclusively internal to the CPU — and that is not much. The CPU 
will route data to or from the selected Accumulator.. if needed, and it will increment the Program Counter in response to 
a Skip true condition. Everything else is the responsibility of logic beyond the CPU chip. 

0 1 2 3 4 5 6 7 8 9 10 n 12 13' 14 15 Information Bus line 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 

|oiiii|x|x|x|x|x|x|x|o|oio|o|o|i CPU I/O instruction 

101 10O1 Divide 
1011011 Multiply 
00101 10 Return 
0010100 Save 

YYOOOOO Move to Frame Pointer 
YY00010 Move from Frame Pointer 
YYOIObO Move to Stack Pointer 
YY01010 Move front Stack Pointer 
YYOIIOO'Push Accumulator 
.V^O1 1 10 Pop Accumulator 

♦ 

Accumulator specification 
OOACO 
01 AC1 
10AC2 
11AC3 


Rgure 19-11. CPU Device 1 Input/Output Instruction Object Code Interpretation 

A NOVA CPU SUMMARY 

If you compare Nova CPU logic with microprocessors described earlier in this book, a number of minicomputer 
characteristics become self-evident; These characteristics have important implications when we look at bus 
signals, interfaces and timing: therefore they must be clearly defined. 

Minicorhputer Central Processing Units are more complex than their microprocessor counterparts. Look at the number 
of operations which may be performed during execution of a single Nova insttuction; only the 8X3D0 makes any at- 
tempt to provide such serial logic. The microprocessor CPU architect has been severely restricted by the fact that only a 
limited amount of logic can be put on a chip without drastically affecting chip yield — and therefore the price of the 
microprocessor. When minicomputers were designed, making CPU logic more complex increased the size of the CPU 
card, or cards, which had some effect on eventual product price, but nothing like the microprocessor price escalations 
that result from low chip yields. 

Thus unconstrained by logic limitations, minicomputer CPU architects also designed complex system busses, requiring 
equivalently complex logic within I/O devices attached to the system busses. For example, consider the fact that Figure 
19-5 defines 32,768 different Register-Register Operate instructions, while the instruction format in Figure 19-8 
assumes an I/O System Bus that can simultaneously manipulate I/O device status while transferring data. 




NOVA I/O 
DEVICE 
ADDRESS 
SPACE 
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These are formidable burdens placed on the designer of a chip which is supposed to reproduce the Nova CPU — with 
the result that chip designers have elected to iackle only part of the task. Both the MicroNova and the 9440 terminate 
at 40-pin DIPs: their busses are. in consequence, less than the standard Nova System Busses. 

9440 TIMING aNd INSTRUCTION EXECUTION 


We will now examine 9440 instruction timing in detail. 


9440 instructions and internal logic are. timed by a master 10 MHz clock signal. Instructions are executed in 
machine cycles. This is the nuniber of clock periods per machine cycle: 

Memory read/instruction fetch - 15 clock periods [Depends on actual 
Memory write - 15 clock periods ) memory timing 
I/O data in - 10 clock periods 

I/O data out - 10 clock periods ' _ 

Let us begin by iooking at timing for an. instruction fetch or a memory read; these two 9440 
machine cycies have the timing iiiustrated in Figure 19-12. INSTRUCTION 

FETCH 

At the end of clock period 2, the three memory control signals MO, Ml and M2 are output with 

levels that identify the memory access which will be performed during the curr ent machine cycle. 9440 

For a memory read or instruction fetch. MO and M2 are output low while Ml remains high. MEMORY 

READ 



Figure 19-12. 9440 Memory Read/Instruction Fetch Timing . 


An instruction fetch and a memory read are differentiated by signals 00 and 01 : these signals are both low for an in- 
struction fetch and bo th h igh for a memory read. The address of the memory location to be ac cesse d is output on the 
Inforhnation Bus (IBO - IB15) beginning at the end of clo ck period 8. At the end of clock period 9 SYN is output low; ex- 
ternal logic must use the high-to-low transition of SY N as a strobe to latc h an add ress off the Infor mation B us. External 
logic must also use the high-to-low transition of SYN as a trigger to input MBUSY low to the 9440. MBUSY mu st be in- 
put low until addressed data has been read from memory and is stable on the Information Bus. At that time MBUSY 
goes high again. When MBUSY goes high, the 9440 will read da ta off th e Information Bus. If the Memory Read 
machine cycle is to execute in the minimum 15 clock periods, then MBUSY must be low for one clock period only. 

MBU SY is a signal used by external memory interface logic to synchronize itself with the C PU. If MBUSY is low while 
SYN is high, early in any memory access machine cycle, then the high-to-low transition of SYN will be delayed until 
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MBUSY goes high. For a Memory Read or Instruction Fetch machine cy cle, the tr ailing edge of the low MBUSY pulse 
also acts as an end- of-machine-cycle trigger. Three clock periods afte r MBU SY's low-to-high transition, the machine 
cycle ends and SYN goes high again. Here is an example of MBUSY and interaction during termination of a Memo- 
ry Read or Instruction Fetch machine cycle; 



MBUSY and SYN interaction at the high-to-low SYN transition may be illustrated as follows: 




Every instruction's execution will begin with an instruction fetch mabhine cycle. This machine cycle will be 
followed by internal operations, another memory read, a meniory write, ari I/O read, or an I/O write. 

If the instruction to be executed requires internal bperatioris only, that Is, it is an arithmetic/logic instruction, then 
internal operations are executed during clock periods 1 through 8 of the next machine cycle — which must be 
another instruction fetch machine cycle. 


19-24 






ADAM OSBORNE & ASSOCIATES, INCORPORATED 


If a memory read operation is to be performed, then another machine cycle is executed, exactly equivalent to 
Figure 19-12. 

If a memory write is to be performed, then two machine cycles must follow the instruction fetch. During the first 
machine cycle the external memory address is output. During the second machine cycle data to be written t o me mory 
is output. Timing is illustrated in Figure 19-13. This figure is self-evident. During the first machine cycle only M2 is low 
since a memory address is being outpu t wit hout a read or a write operation occurring during the same machine cycle. 
During the second machine cycle only Ml is output low since a memory write operation alone will occur. 

During both machine cy cles of a Memory Write operation, MBUSY acts as a syn chronizing sig nal, h owever only the 
high-to-low transition of MBUSY can modify instruction execution time. If lYlBUSY is low prior to SY N ma king its high- 
to-low transition, th en the S YN high-to-low transition will be delaye d until M BUSY goes high. Once SYN goes low, the 
processor waits for MBUSV to go low: three clock periods after t he MBUS Y high-todow trans ition, the memory write 
machine cycle will end. The subsequent low-to-high transition of MBUSY has no effect on the SYN' signal, or on inter- 
nal CPU operations. 

The only memory addressing modes that change instruction execution time are indirect addressing and indirect 
addressing with auto-increment or auto-decrement. 

Each level of indirect addressing is equivalent to an additional memory read and an additional memory write. In order to 
compute instruction execution times for memory references with indirect addressing, therefore, add one memory read 
machine cycle and one memory write machine cycle for each level of indirection. 

Recall that memory locations 1 0-] 0 through 1 F-j 0 are used to store addresses which, when accessed indirectly, will be 
incremented or decremented. When you use indirect addressing and specify a memory location from IO10 through 
17i0, the address fetched from the specified location will be incremented. An indirect address fetched from locations 
I810 through IF10 will be decremented. The increment or decrement operation requires the memory address to be 
loaded into the CPU, incremented or decremented, then written back out. Loading the address into the CPU is a routine 
part of any indirect addressing sequence; however, writing the address back out represents an additional step requir- 
ing an additional memory write machine cycle. This may be illustrated as follows: 


Machine Cycle T 

Machine Cycle 2 

Machine Cycle 3 

Machine Cycle 4 

Instruction 

Fetch address 

Increment or 

Perform memory 

fetch 

from location 

decrement 

access 


IO10- IF10 

address and 
write address 
back 

(read or write) 


Memory Write 


The increment or decrement and Skip-if-Zero instructions require an instruction fetch, a memory read and a 
memory write machine cycle. Timing may be illustrated for direct memory addressing as follows; 


Machine Cycle 1 

Machine Cycle 2 

Machine Cycle 3 

Machine Cycle 4 

Instruction 

Fetch data 

Increment or 

Increment 

fetch 

from memory 

decrement data 
and write 
data back 

Program Counter 
if needed 


Memory Write 

Let us now look at I/O instruction execution. 

There are no special I/O device select or control signals output by the 9440, rather external I/O devices must 
have select logic which is created by decoding instruction object codes on the Information Bus. This is done by 
decoding the three high-order Information Bus lines during an instruction fetch, as characterized by 00 and 01 both 
low. The three high-order Information Bus lines will at this time be 01 1 if the instruction to be executed is an I/O in- 
struction. If these conditions are met. then the six low-order Information Bus lines must be decoded by device select 
logic. If the device code is 3Fi0, then all I/O devices must be selected simultaneously: for this to occur a special over- 
riding device select signal must be created in response to device code 3F. If device code 00-) 0 occurs, then no device 
should be selected; this requires no special select logic, rather it means that no external device should have the address 
00-| 0. If any device code other than 00-| 0, or 3Fi 0 appears on the six low-order Information Bus lines, then one external 
device's select logic should go true. 

If device code 3Fi 0 has been output, then one of the operations defined by Figure 1 9-10 is about to occur. A significant 
amount of external logic associated with execution of these instructions may be required. A specific implementation 
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consistent with standard Nova 1200 I/O interface logic is given later in this chapter. Alternatively, you may create a 
variety of individual control signals unrelated to the standard Nova I/O bus by suitably decoding I/O instruction object 
code bits 10 through 6. 

An I/O instruction which identifies a specific device further ide ntifie s the I/O operations which are to occur, via bits 1 0 
through 6 of the instruction object code (Information Bus lines IB5 through TH5). Figures 19-8 and 19-9 show the I/O 
operations which may be specified. If data is to be input or output, then timing wijl conform to Figures 19-14 and 
19-15. But a significant amount of parallel control logic will accompany any I/O data transfer. 

An I/O Skip on Busy or Done instruction, as illustrated in Figure 19-9, requires the addressed I/O device to return Busy 
and Done sta tuse s to the CPU. The addressed I/O device returns these statuses on the two high-order Information Bus 
lines TbO and IB1, respectively, with timing conforming to Figure 19-14. 




Figure 19-15. 9440 I/O Data Output Timing 
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MICRONOVA AND 9440 INTERRUPT PROCESSING 
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At the most elementary level, the MicroNova and the 9440 respond to interrupts in a very simple way. 

External logic requests an interrupt by inputting a low signal via INT REQ. 

Providing interrupts are enabled, the CPU acknowledges the interrupt upon completing execution of the current 
instruction: the CPU disables its own interrupt logic, saves the Program Counter contents in memory location 
0000, then jumps indirect via location 0001. Thus memory location 0001 must contain the address of the first inter- 
rupt service routine instruction. 



0000 

0001 

0002 

0003 

0004 

0005 


xxxx-1 
xxxx 
xxxx + 1 
xxxx + 2 
xxxx + 3 


yyyy-l 

yyyy 

yyyy + 1 
yyyy + 2 


A single interrupt service routine will be executed in response to any external interrupt. In order to discriminate 
between interrupts, the interrupt service routine must identify the source of the interrupt, then jump to an appropriate 
individual program. This may be illustrated as follows; 
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There will be a separate device interrupt service routine for every I/O device capable of representing an interrupt. 

There are many ways in which the initial interrupt service routine may identify the interrupting I/O device in a 
multiple interrupt configuration. 

The most primitive method used to identify an interrupting I/O device is to test the device's Done status. Standard 
Nova protocol requires an I/O device to request an interrupt when it sets its Done status. This may be illustrated as 
follows: 


Interrupt 

Request 

Busy 

Done 


False 

0 

0 

Device idle 

False 

1 

0 

Start I/O operation 

True 

0 

1 

End I/O operation 


Primitive I/O device interface logic will request an interrupt by applying a low signal at INT REQ when it sets its Done 
status high. Now the initial interrupt service routine will execute a sequence of "Skip on Done False” instructions in 
order to identify the highest priority interrupting device. This may be illustrated as follows: 


SKPDZ DEVI 


JMP IDEV1 


SKPDZ DEV2 


JMP IDEV2 


SKPDZ DEVS 


etc 



etc. 


The order in which the initial interrupt service routine program logic tests device Done statuses becomes interrupt 
priority. You can modify this priority sequence at any time simply by changing the program. 

A faster method of identifying an interrupting device is to daisy chain the interrupting devices. Daisy chain logic 
has been described in Volume 1 , and again in Chapter 6 of this book (in conjunction with the 8048). Daisy chains are 
resolved by an interrupt acknowledge signal; but there is no interrupt acknowledge signal output by the MicroNova or 


19-28 










ADAM OSBORNE & ASSOCIATES. INCORPORATED 


the 9440; rather an interrupt acknowledge instruction is executed. This is an I/O instruction addressing device 3F-|0; 
bits 10 through 6 (IB5 through IB9) of the instruction object code must be decoded in order to create an interrupt 
acknowledge signal. Here is appropriate logic: 


00 

01 

iaio 

(bTT 

ilia 

IB13 

IB14 

IBIS 


IBS 

IB6 

IB7 


SYN 

MBUSY 



INTA 


Recall that the Information Bus is low true: that is, a low logic level represents a bit value of 1: T o en sure that INTA is 
generated only when a valid instruction code is on the Information Bus, it should be qualified by SYN low and MBUSY 
low-to-high transition. This is illustrated in Figure 19-16. 

The highest priority interrupting device identifies itself by placing its device code on the Information Bus lines. The 
CPU stores the device number in one of the four Accumulators. Thus the interrupt acknowledge instruction is an I/O 
Data In instruction. Interrupt acknowledge timing is illustrated in Figure 19-16. 

Interrupt enable and disable logic exists separateiy at the CPU and at external I/O devices. 

At the CPU all interrupts are disabled as soon as an interrupt is detected. You can disable interrupts at any other time 
by executing a disable interrupt instruction (NIOC CPU). 

In order to enable interrupts you must execute an interrupt enable instruction (NIOS CPU); when an NIOS CPU instruc- 
tion is executed, interrupts are enabled following execution of the next instruction. This next instruction will usually be 
a Return instruction: 


NIOS CPU ;Enable interrupts 

JMP @0 ;Return from interrupt service routine 

:lnterrupts are now enabled 

When nested interrupts are not allowed, all interrupts are disabled following the interrupt detection: interrupts remain 
disabled until the end of the interrupt service routine. You terminate the interrupt service routine with the two instruc- 
tions illustrated above; one re-enables interrupts, the other returns from the interrupt service routine. Interrupts are not 
actually re-enabled until after the Return instruction has been executed; this prevents pending interrupts from being 
acknowledged before you have finally exited the current interrupt service routine. 
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Figure 19-16. 9440 Interrupt Acknowledge Instruction Execution Timing 
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If you want to nest interrupts then you must execute an interrupt enable instruction within the interruptable interrupt 
service routine. But make sure that you do not re-enable interrupts until the initial interrupt service routine has ex- 
ecuted; remember, the initial interrupt service routine is determining the source of the interrupt — and it makes no 
sense to allow another interrupt to occur until this determination has been completed. 

You can disable interrupts selectively at external devices that have local interrupt disable logic. This is done 
using the Mask Out instruction (MSKO): MSKO is another I/O instruction addressing device 3Fi0. The MSKO in- 
struction outputs data from one of the CPU Accumulators onto the Information Bus. Every I/O device capable of having 
its interrupt logic disabled must be connected to one of the Information Bus lines. When the MSKO instruction is ex- 
ecuted, the I/O device must first decode the MSKO instruction in order to activate its interrupt disable logic;, subse- 
quently, if the Information Bus line to which device interrupt disable logic is connected is low, then interrupt request 
logic must be disabled locally. Timing is illustrated in Figure 19-17. 

In order to re-enable interrupts at any external device you output a new mask with a high level on the Information Bus 
line to which the device's interrupt disable logic is connected. 

Interrupt logic again demonstrates the minicomputer emphasis of the Nova. We have assumed that an external 
device capable of requesting interrupts can decode I/O instruction object codes on the Information Bus and have a con- 
siderable amount of logic associated with Busy, Done and Interrupt request flags. 



Enable interrupt if IB line is high (0) 


Figure 19-17. 9440 Mask Out Instruction Execution Timing 

MICRONOVA AND 9440 DIRECT 
MEMORY ACCESS LOGIC 

MicroNova and 9440 direct memory access logic differ markedly. 

In both cases external logic represents a DMA access by inputting a low signal via DCH REO. 

The MicroN ova responds by acknowledging the DMA request. This is done by outputtin g a high I/O DATA1 with a low 
I/O DATA2 signal. External logic then identifies the direction of the data transfer via the l/O INPUT control signal. Sub- 
sequently, MicroNova logic performs the entire DMA transfer by creating appropriate I/O Bus and Memory Bus signal 
sequences — but only data may be transferred in only one direction. 
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The 9440 has a more primitive DMA capability. It responds to DCH INT by outputting lines 01 and 00 low and high, 
respectively, and floating the Data Bus. External logic must implement the actual DMA transfer. 

Standard Nova protocol allows four DMA operations to be defined by external logic via the DCHMO and DCHM1 I/O 
bus signals. These are the four DMA operations that may be defined: 

DCHM1 

0 Add to memory 

1 Data in 

0 Increment memory 

1 Data out 

The MicroNova, as we have already stated, handles data in and data out only: increment memory and add to memory 
are not available. , 

The 9440 on the other hand, does nothing in response to a DMA request other than float the Information Bus. All 
external logic associated with DMA operations must exist outside the 9440 chip. 

THE MICRONOVA AND 9440 INSTRUCTION SETS 

Table 1 9-2 summarizes the instruction sots for the MicroNova and the 9440. Observe that there are some instruc- 
tions available with MicroNova that the 9440 lacks. 

The power of the Nova instruction set is derived from the fact that many instructions perform multiple operations. 
Register Operate instructions, for example, allow you to set. or reset or complement a Carry status before the specified 
operation is performed. Primary Memory Reference and Register Operate instructions allow you to also perform data 
shifts, or to swap the high and low-order bytes of the data word being moved or generated. 

Primary Memory Reference and Register Operate instructions also allow you to perform a conditional skip based on the 
results of the operation. 

It is the ability of the Nova instruction set to perform a combination of operations, during a single instruction's execu- 
tion, that makes the instruction set so effective. 

THE BENCHMARK PROGRAM 

Our benchmark program may be illustrated as follows for the MicroNova and the 9440: 

LDA 2,CNT LOAD WORD COUNT COMPLEMENT INTO AC2 

LDA O.IOBUF LOAD lOBUF BASE ADDRESS INTO AUTO- 

STA 0,10 INCREMENT LOCATION 

LDA 0.@TABLE LOAD ADDRESS OF FIRST FREE TABLE WORD 

STA 0,11 INTO AUTO-INCREMENT LOCATION 

LOOP LDA 0.@10 LOAD NEXT BYTE FROM lOBUF 

STA 0,@1 1 STORE IN NEXT TABLE WORD 

INC 2,2,SZR INCREMENT WORD COUNT SKIP IF ZERO 

JMP LOOP RETURN FOR MORE 

LDA 0,21 RETURN NEW ADDRESS OF FIRST FREE TABLE 

STA 0,@TABLE WORD 

This benchmark program uses indirect addressing with auto-incrementing in order to sequentially access lOBUF and 
TABLE. We begin the program by loading the word count (CNT) into Accumulator 2, and table base addresses into 
memory words IO 10 and 1 1 15 . We assume that the address of the first free word in TABLE is stored in the first word of 
TABLE; thus we can fetch the address of the first free TABLE word by executing a load to Register 0 with indirect ad- 
dressing. 

Data is moved by a four-instruction loop. Two instructions load data from lOBUF and store data in TABLE using indirect 
addressing with auto-increment. Next we increment the counter stored in Register 2 and skip the following instruction 
upon detecting a zero count. The following instruction is a jump back to the beginning of the loop. 

The final two instructions simply restore the new address for the first free TABLE word into the first word of the TABLE. 

The benchmark program makes no assumptions. The source and destination tables may be any size and any number of 
data words may be transferred, limited only by the available memory space. 
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The following notation is used in Table 19-2. 

An "X" in the column labeled "9440" indicates that the instruction is available on the 9440 CPU. 


AC 

ACX 

C 

D 

DEV 

DEVX 

DEVBD 

EA 

FP 

ION 

PC 

PM 

S 

SP 

(CS#) 


© 


Any of the four Accumulators. 

A specific Accumulator. For example. AC1 is Accumulator 1. 

Carry status 

An Accumulator which serves as the destination for the results of an operation. 

A 6-bit device code. 

A specific device register. For example, DEVA is Device Register A. 

Device Busy-Done flags. 

Effective address determined by @DISP (.IX ). 

Frame Pointer (not present in 9440). 

Interrupt ON flag 
Program Counter 
Priority Mask 

An Accumulator which serves as the source of an operand. 

Stack Pointer (not present in 9440). 

Represents three options which are used by the Register-Register operations. 

C is a 2-bit field which determines the carry state prior to the ALU operation. 

Coded Character Result Bits Operation 
option omitted 00 No operation 

Z 01 Set carry to 0 . 

0 10 Set carry to 1 

C 1 1 Complement carry 

For example, ADDO 2,2 would set carry to 1 before adding AC2 to AC2. 

S is a 2-bit field which determines how the result of the ALU will be shifted. 

Coded Character Result Bits Operation 
option omitted 00 No shift 

L 01 Shift result and carry left 

one bit 

R 10 Shift result and carry right 

one bit 

S 11 Swap result bytes 

For example, MOVS 1,2 would swap the bytes of AC1 and store into AC2. 

# is a 1 -bit field which determines whether the result is stored in ACD. 

Coded Character Result Bits Operation 
option omitted 0 Load result into ACD 

# 1 Do not load result into ACD 

For example. NEGOL# 1 ,2 would set carry to 1 then negate AC1 , shift the result and carry left one bit, 
but would not store into AC2. 

A 2-bit I/O command whose meaning depends on whether the CPU or another device is being 
referenced. 

CPU Device 

No operation 00 No operation 
Set Interrupt 01 Start device by setting Busy to 1 
On to 1 and Done to 0 

Set Interrupt 10 Idle device by setting Busy to 0 
On to 0 and Done to 0 

No operation 1 1 Pulse a special device dependent 
line 
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(.SKCND) 


(@) DISP (,IX) 


(t) 


x<y,z> 

[ ] 

[[ ]] 

A 


A 3-bit skip-on-condition field which is used by the Register-Register Operate instructions. 


Coded Character 

Result Bits 

Operation 

option omitted 

000 

No operation 

SKP 

001 

Always skip 

SZC 

010 

Skip if Carry = 0 

SNZ 

Oil 

Skip if Carry = 1 

SZR 

100 

Skip if result = 0 

SNR 

101 

Skip if result 0 

SEZ 

110 

Skip if either carry or result = 0 

SBN 

111 

Skip if both carry and result 0 


Generates the address EA 

@ is the indirect bit. If @=1 then indirection is specified. 
DISP is an 8-bit address value. 

(IX) is a 2-bit field which indicates the addressing Mode: 
Bits are Mode 

00 Zero page addressing. DISP is an unsigned address 
between 0 and 256. 

EA = DISP 

01 PC relative addressing. DISP is a signed two's 
complement address displacement. 

EA = DISP-I-[PC] 

10 Indexed addressing via AC2. DISP is a signed 
two's complement address displacement. 

EA = DISP-I-E AC2] 

1 1 Indexed addressing via AC3. DISP is a signed 
two's complement address displacement. 

EA = DISP-t-[AC3] 


A 2-bit I/O test field whose meaning depends on whether the CPU or another device is referenced. 


CPU 

Test for Interrupt On=1 
Test for Interrupt 0n=0 
Never skip 
Always skip 


JL Dfeivice 

00 Test for Busy=1 

01 Test for Busy=0 

10 Test for Done=1 

11 Test for Done=0 


Bits y through z of the quantity x. [ AC]<5.0> is the low six bits of the specified Accumulator. 


Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, 
then the designated register's contents are specified. If a memory address is enclosed within the 
brackets, then the contents of the addressed memory location are specified. 


Implied memory addressing; the contents of the memory location designated by the contents of a 
register. 

Logical AND 


Data is transferred in the direction of the arrow. 


Under the heading of STATUS in Table 19-2, an X indicates statuses which are modified in the course of the instruc- 
tion's execution. If there is no X, it means that the status maintains the value it had before the instruction was ex- 
ecuted. 
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Table 19-2. MicroNova and 9440 Instruction Set Summary 


TYPE 


OPERANOISI 

BYTES 

STATUS 

9440 

OPERATION PERFORMED 

C 


NIO If) 

DEy 

2 



[DEVBD]— f 







Set the device’s Busy and Done flags according to I/O command. 


DIA (f) 

AC.DEV 

2 


B 

[AC] — [DEVA] 

[DEVBD] — f 







Read device's A buffer into Accumulator. Set the device Busy and Done flags. 


DIB(f) 

AC.DEV 

2 


X 

[AC] — [DEVB] • 

[deveId] ~f 







Read device's B buffer into Accumulator. Set the device Busy arid Done flags. 


Die (f) 

AC, DEV 

2 


X 

[AC] — [DEVC] 

[DEVBD] — f 







Read device's C buffer into Accumulator. Set the device Busy arid Done flags. 

- 

DOA(f) 

AC.DEV 

2 


X 

[DEVA] — [AC] 

[DEVBD]— f 







Write Accumulator into device’s A buffer. Set the device Busy and Done flags. 


DOB(f) 

AC.DEV 

2 



[DEVB] — [AC] 

[DEVBD]— f 







Write Accumulator into device's B buffer. Set-thectevice Busy and Done flags. 


DOC (f) 

. AC.DEV 

2 


B 

[DEVCl — [AC] 

[DEVBD]— f 







Write the Accumulator into device’s C- buffer. Set the Busy and Done flags. 


SKP(t) 

DEV 

2 



If T is true for DEV. [ PC] — [ PC] + 1 







Skip if I/O test true. 


lORST 




B 

[PM] —0 
[ION] —10, 






B 

The Busy and Done flags in all I/O devices are set to 0. The Priority Mask is set to 0 and 
interrupts are turned on. 
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Table 19-2. MicroNova and 9440 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

9440 

OPERATION PERFORMED 

C 

UJ 

i ^ ^ 

LDA 

AC,(")DISP(,IX) 

2 


X 

[AC] — [EA] 

< O uj 






. Load contents of memory to Accumulator. 

^ ^ ^ 

E u( 

£ S UJ 
cc 

STA 

AC,('')DISP(,IX) 

2 


X 

[EA] — [AC] 

Store contents of Accumulator into memory. 


ADDCCS#) - 

S,D (SKCND) 

2 

X 

X 

[D] — [D]+[S] 







Add contents of Source register to contents of Destination register. Perform the specified 
options. 


SUB(CS#) 

S,D (.SKCND) 

2 

X 

X 

[D]-[D]-[S] 

UJ 






Subtract contents of Source register from contents of Destination register. Perform the 

< 






' specified options. 

UJ 

NEGICS#) 

S.D (.SKCND) 

2 

X 

X 

[D] — [S] + 1 (twos complement) 

o 






Race twos complement of the Source register contents in the Destination register. Perform 

Ul 






the specified options. 

</i 

ADC(CS«) 

S.D (.SKCND) 

2 

X 

X 

[D] - [D]+ [S] 

o 

UJ 






Add the ones complement of the Source register contents to contents of Destination register. 







Perform the specified option. 

UJ 

MOV iCS It] 

S.D (.SKCND) 

2 

X 

X 

[D]-[S] 







Move contents of Source register to Destination register. Perforfn the specified options. 


INCICSJ.) 

S.D (.SKCND) 

2 

X 

X 

[D]-[S] + 1 

S 

COM(CS«) 

S.D (.SKCND) 

2 

X 

X 

Place Incremented Source register contents into Destination register. Perform specified options. 
[01- [S] 







Complement the Source register contents, then move to Destination register. Perform 
specified options. 


AND (CSfJ) 

S.D (.SKCND) 

2 

X 

X 

[D] — [D] A [Si 







AND the Source register contents with the Destination register contents. Perform specified 
options. 
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Table 19-2. MicroNova and 9440 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

PPERAND(S) 

BYTES 

STATUS 

9440 

OPERATION PERFORMED 

C 

cc 

lU 

S2 Q 

rn UJ LU 

lU H D 

MUL 


2 



[ACOJ— « [ACIl* [AC2l)+ [ACOD <31,16 > 

[AC1] — H [ACIl* [AC2])+ [ACOD <15.0> 






Multiply contents of AC1 by contents of AC2 and add contents of ACO to result. 

c S 

CC LU H 

DIV 


2 

X 


[ACn —1 [AC0],[AC11)/[AC2l (quotient) 

UJ 0 . z 

b: o o 






[ACO] —( [AC0],[AC1])/[AC2l (remainder) 

i2 o 






Divide the 32-bit quantity contained in ACO (high order) and AC1 (low order) by the 

LU 

CC 






contents of AC2. 


PSHA 

AC 

2 



[SP] — ISP] + 1; [ISP]] — [AC] 







Push the Accumulator onto the Stack. 


POPA 

AC 

2 



[ACl — [[SPl; [SP] — [SP] - 1 







Pop the top of the Stack to the Accumulator. 


SAV 


2 



[[SP]+ 1] — [ACO] 

[[SP]+2] — [ACl] 







[[SP] + 3] ^ [AC2] 

< 






[[SP] + 4] — [AC3] 







[[SP] + 5] <14.0> — [PC] 

[[SP] + 5] <15> — [C] 

[SP] — [SPi + 5 
[FP] — [SP] 







Save a return block in the Stack. 


MTSP 

AC 

2 



[SP] — [AC] <14,0> 







Move the low 15 bits of the Accumulator to the Stack Pointer. 


MTFP 

AC 

2 



[FP] — [AC] <14,0> 







Move the low 15 bits of the Accumulator to the Frame Pointer. 

















19-38 


Table 19-2. MicroNova and 9440 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERANOISI 

BYTES 

STATUS 

9440 

OPERATION PERFORMED 

C 







a 

■MFSP 

AC 

2 



I AC] <14,0> *-[SP] 







[AC] <15> —0 







Move the Stack Pointer to low 15 bits of Accumulator. 

“ I 

MFFP 

AC 

2 



[AC] <14,0> — [FP] 

O 






[AC]<16>*-0 







Move the Frame Pointer to the Accumulator. 


JMP 

(«)D1SP(,IX) 

2 


X 

[PC]-[EA] 







Branch unconditional. 


JSR 

(")DISP(,IX) 

2 


X 

[AC3]^[PC] + 1 
[PC]‘-[EA] 







Branch to subroutine. 

Q. 

RET 


2 

X 


[SP] — [FP] 

s 






[Cl^HSP]] <15> 







[PC] — [[SP]] <14,0> 

[AC3] — [[SP]-1] 

[AC2] — [[SP]-2] 

[AC1] — [[SP]-3] 

[AC2] — [[SP]-4] 

[SP] — [SP]-5 







Return from subroutine and pop a return block off the Stack. 

lU 



■■■■ 





RTCEN (f) 





[ION]— f 

•= 

•j 9 






Enable Real Time Clock then set ION via I/O command. 

< o 

RTCDS(f) 





[ION] — f 

s 



HU 


HIH 

Disable Real Time Clock then set ION via I/O command. 
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Table 19-2. MicroNova and 9440 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND (SI 

BYTES 

STATUS 

9440 

OPERATION PERFORMED 

C 

o 

^ z . z 

ISZ 

(»)DISP(,IX) 

2 


X 

[EAJ — [EAl + 1 

1 < z 9 






If lEA] =0 then [PC] — [PC1+ 1 

S ^ oL 5 






Increment memory contents and skip if zero. 

i" ff Si 2 

2 Ul US O 

DSZ 

(»)DISP(,IX) 

2 


X 

[EAl — [EAl-1 







If [EAl =0 then [PC] — [PC]+ 1 







Decrement memory contents and skip if zero. 


INTEN 


2 


X 

[ION] — 1 







Enable interrupts. Same as NIOS CPU. 


INTDS 


2 


X 

[ION]— 0 







Disable interrupts. Same as NIOC CPU. 


INTA (f) 

AC 

2 


X 

[AC] <5,0 > —DEV 







[ION]— f 







The 6-bit device code of the device closest to the CPU that is requesting an interrupt is loaded 

a 






into the low six bits of the Accumulator. Set ION via I/O command. 

K 

MSKO(f) 

AC 



X 

[PMl- [ACl 







[ION] — f 







Move contents of Accumulator to Priority Mask. Set ION via I/O command. 


TRAP 


2 



[26,,] — [PC] 







[PC]-[27„] 







Performs a software interrupt. 


SKP(t) 

CPU 

2 


X 

If t is true, [PC] — [PC] + 1 







If interrupt or power fail condition satisfied, skip next instruction. 

im 

HALT(f) 





[lONl— f 







Set ION via I/O command, then halt. 






















Table 19-3. MicroNova and 9440 Instruction Set Object Codes 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

9440 

ADOCS#) 

S,D(,SKCND) 

1 ssdd lOOrrccnwww 

2 

5/7 

X 

ADD(CS#) 

S,D(,SKCND) 

Issdd 1 lOrrccnwww 

2 

5/7 

X 

AND(CS#) 

S.D (.SKCND) 

1 ssdd 111 rrccnwww 

2 

5/7 

X 

COMICS#) 

S,D (, SKCND) 

1 ssddOOOrrccnwww 

2 

5/7 

X 

DIAf 

AC, DEV 

01 laaOO Iff PPPPPP 

2 

15 

X 

DIBf 

AC, DEV 

OllaaOllffpppppp 

2 

15 

X 

DICf 

AC,DEV 

OllaalOlffpppppp 

2 

15 

X 

DIV 


7641 

2 

123 


DOAf 

AC,DEV 

01 laaOl Off PPPPPP 

2 

10 

X 

DOBf 

AC,DEV 

OllaalOOffpppppp 

2 

10 

X 

DOCf 

AC,DEV 

OllaallOffpppppp 

2 

10 

X 

DSZ 

(«) DISP(,IX) 

OOOIlixxbbbbbbbb 

2 

8/10* 

X 

HALTf 


011aa110ff111111 

2 

10 

X 

INC(CSIf) 

S,D(,SKCND) 

1 ssdd0 1 1 rrccnwww 

2 

5/7 

X 

INTAf 

AC 

011aa011ff111111 

2 

15 

X 

INTDS 


60BF 

2 

10 

X 

INTEN 


607F 

2 

10 

X 

lORST 


OllaaOIOffllllll 

2 

10 

X 

ISZ 

(«;) DISP(,IX) 

OOOIOixxbbbbbbbb . 

2 

8/10* 

X 

JMP 

(»)DISP(,IX) 

OOOOOixxbbbbbbbb 

2 

6/8* 

X 

JSR 

(«)DISP(,IX) 

OOOOlixxbbbbbbbb 

2 

7/9* 

X 

LDA 

AC(«),DISP(,IX) 

01 laaixxbbbbbbbb 

2 

6/8* 

X 

MFFP 

AC 

01 laaOOOIOOOOOOl 

2 

8 


MFSP 

AC 

OllaaOIOIOOOOOOl 

2 

7 


MOVICS #) 

S,D (,SKCND) 

1 ssddO lOrrccnwww 

2 

5/7 

X 

MSKOf 

AC 

OllaalOOffllllll 

2 

10 

X 

MTFP 

AC 

, 01 iaaOOOOOOOOOOl 

2 

6 


MTSP 

AC 

OllaaOIOOOOOOOOl 

2 

6 


MUL 


76C1 

2 

86 


NEGICS tl) 

S,D (,SKCND) 

1 ssddO0 1 rrccnwww 

2 

5/7 

X 

NlOf 

DEV 

01 lOOOOOff PPPPPP 

2 

10 

X 

POPA 

AC 

01 laaOl 110000001 


7 


PSHA 

AC 

01 laaOl 100000001 


7 


RET 


6581 


15 


RTCDSf 


01101010ff111111 


10 

X 

RTCENf 


01110010ff111111 


10 

X 

SAV 


6501 


16 


SKPt 


OllOOIIIttpppppp 


15/17 

X 

SKPT 

DEV 

01100111tt111111 


15/17 

X 

STA 

CPU 

0 1 0aalxxbbbbbbbb 


6/8* 

X 

SUB(CS«) 

AC,( '')DISP(,IX) 

1 ssdd 1 0 1 rrccnwww 


5/7 

X 

TRAP 

S,D (,SKCND) 

1 ssddqqqqqqq 1 000 

IHI 

9 



•Direct addressing. For indirect addressing, add two clock periods for each level of indirection. For auto- 
increment or auto- decrement locations, add three clock periods, plus two for each level of indirection. 


The following symbols are used in Table 19-3: 


aa 

bbbbbbbb 

cc 

dd 

ff 

i 

n 

PPPPPP 

rr 

ss 


Two bits selecting an Accumulator 

8-bit signed two’s complement address displacement 

Two bits selecting the carry option 

Two bits' selecting the destination Accumulator 

Two bits selecting the I/O command 

One bit selecting indirect addressing 

One bit choosing the no load option 

Six-bit device number 

Two bits determining the shift option 

Two bits choosing the source Accumulator 
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o 

(D 

(O 

o 

S 

< 

Q 

< 


tt Two bits choosing the I/O test 

WWW Three bits selecting the skip-on-condition option 

XX Two bits, selecting the index option 

Execution times shown are for MicroNova. Where two execution times are shown (for example, 5/7), the second is the 
instruction time if the skip or branch is taken. 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices; 

• MicroNova 
. 9440 
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MICRONOVA 

I* ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage Range Vgg 
Supply Voltage Range Vqq 
S upply Voltage Range 
Supply Voltage Range Vqq 
I nput Voltage Range Vj 
Input Current Range Ij 
Operating Temperature Range 
Storage Temperature Range 

Average Power Dissipation 1 Watt 


-2 

to 

-7 

Volts 

-0.3 

to 

+ 7 

Volts 

-0.3 

to 

+ 13 

Volts 

-0.3 

to 

+ 17 

Volts 

-0.3 

to 

+ 7 

Volts 

0 

to 

6 

mAmps 

0 

to 

+ 70 

°C 

-55 

to 

+ 125 

°C 


NOTES All voltages in this document are 
referenced to Vgs (ground). 

*Subjecting a circuit to conditions either 
outside these limits or at these limits for an 
extended period of time may cause irreparable 
damage to the circuit. As such, these ratings 
are not intended to be used during the 
operation of the circuit. Operating 
specifications are given in the DC (STATIC) 
CHAR A CTERISTICS TABLE. 


Data sheets on pages 19-D2 through 19-D3 reprinted by permission of Data General Corporation. 
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MICRONOVA 


D. C. (STATIC) CHARACTERISTICS 
mN601 

OPERATING SPECIFICATIONS 


Ta 

range 0 to 70^*0 

Vcc = 14 1 l.O Volts 

'cc ' 

20 mAmps Average Iqq ^ 

-■ 1 mAmps Average 

Vcc 

5 t 0.25 Volts 

Vqq . -4.25 1 .25 Volts 

■dd = 

50 mAmps Average I 33 » 

-150 mAmps Average 

Vdd 

= 10 t 1.0 Volts 

Vgg = 0 ■ 0.0 Volts 

'CG = 

20 mAmps Average 



CHARACTERISTIC 

SYMBOL 

UNITS 

PINS 

LIMITS 

MIN. 1 MAX. 

INPUT LOW VOLTAGE 

V|L 

Volts 

01.3 and 02.4 

-2.0 

*0.5 

MB 0-lS . CLAMP 

EXTINT. DCH INT 

-1.0 

*1.0 

I 0 CLOCK. 1 ODATA 1. 

1 0 DATA 2 

-l.O 

*0.5 

INPUT CURRENT FOR 

LOW STATE 

'IL 

mAmps 

01,3 and a2.4 


*.0I 

MB 0-13 

0 

-2.0 

EXri.HT. IxiW iWV. CLAMP 

-2.0 

-4.0 

I 0 CLOCK. I ODATA 1, 

I 0 DATA 2 

-2.0 

-4.0 

INPUT HIGH VOLTAGE 

V|H 

Vo Us 

01,3 and o2.4 

«I3.0 

*15.0 

MB 0‘1S . CL'AM^ 

fXTTOT. CCH INT 

*4.23 

*S.B 

I O CLOCK. I O DATA 1. 

I O DATA 2 

*2.5 

*5.8 

INPUT CURRENT FOR 
HIGH STATE 

'IH 

mAmps 

01. a and 02.4 


-.01 

MB 0*13 

. 

-. U6 

1 O CLOCK. 1 O DATA 1,10 DATA 2 


-1.0 

TjiTWTnjnruJT 


-.02 

CLAMP 


*.001 

OUTPUT LOW VOLTAGE 

VoL 

Volts 

HALT 


*3.0 

MB 0«l3 . 

1 0 INPUT. PaTjsE, 

SAEG. WEC. PC 


*0.4 

I/O CLOCK. I/O DATA 1. I/O DATA 2 


*0.5 

OUTPUT CURRENT FOR 
LOW STATE 

'OL 

mAmps 

PC. 1 0 INPUT 

*4.0 


MB 0-13 . 1 O CLOCK 

1 ODATA 1. . ODATA 2 
^AU5C. SAEG. PC. HALT 

*2.0 


OUTPUT HIGH VOLTAGE 

'oH 

Volts 

MB 0-lS 

1 0 CLOCK. I 0 DATA 1, 1 0 DATA 2 

1 0 INPUT. PAUSE. 

SAEG. WEC. PC 

*4.25 


HALT 

VcC-0-5| 


OUTPUT CURRENT FOR 
HIGH STATE 

'oh 

mAmps 

HALT. 


-.01 

MB 0.13 


-.06 

I O INPUT . PG 


02 

1 O CLOCK. 1 ODATA 1, I 0 DATA 2, 

PAUSE SAEG. WEG 


-.01 

INPUT CAPACITANCE 

C| 

PF 

01,3 and o2,4 


100 

Clamp 

MB 0-15 . 1 0 CLOCK 

I O DATA 1,10 DATA 2 
exTillT. DCH TNT 


10 


NOTE 

Logic "r* is defined as the more positive voltage as are the maximum 
figures given under voltage limits. Logic "O'* is defined as the more 
negative voltage as are the minimum figures given under voltage limits. 

Positive current, in the conventional sense, is defined as flowing into 
the pin. 

On power«up, Vq 3 must be within its specified operating range (with 
respect to Vss) before any of the other power supply voltages are ap- 
plied to the circuit. 
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9440 


ABSOLUTE MAXIMUM RATINGS (beyond which the useful life of the device may be impaired) 


Storage Temperature 
Ambient Temperature Under Bias 
Vcc Pin Potential to Ground Pin 
Input Voltage (dc) 

Input Current (dc) 

Output Voltage (Output HIGH) 
Output Current (dc) (Output LOW) 
Injector Current (I|nj) 

Injector Voltage (V|nj) 


-65° to 150°C 
-55 to +125°C 
-0.5 to +6.0 V 
-0.5 to +5.5 V 
-20 to +5 mA 
-0.5 to +5.5 V 
+20 mA 
+500 mA 
-0.5 to +1.5 V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (O to 75° C) 

llNJ(niin) = 300 mA, liNJ(max) = 400 mA, VcC{min) = 4.75 V, VcC(max) = 5.25 V 


SYMBOL 

iV? CHARACTERISTIC 

LIMITS 

UNITS 

TEST CONDITIONS 

MIN 

TYP 

MAX 

ViH 

Input HIGH VoKage 




V 

Guaranteed Input HIGH Voltage 

ViL 

Input LOW Voltage 



O.B 

im 

Guaranteed Input LOW Voltage 

VcD 

{nput Clamp Diode Voltage 


-0.9 

-1.5 

V 

Vcc = 4.75 V, l|N = -18 mA 
l|Nj = 306 mA 

VOH 

Output HIGH Voltage 

RUN, CARRY, INT ON, SYN, CLK OUT, Oq, 0, 

a 

H 


■ 

Vcc = 4.75 V, loH = -400 fiA 
l|igj = 300 mA 

Output_HIGH Voltage 

IBq - IBi 5 

H 

m 


■ 

Vcc = 4.75 V, Iqh = - 1.0 mA 
^NJ " 300 mA 

ICEX 

Output Leakage Mg. M^, M2 



1.0 

mA 

Vcc = 4.75 V, VoH = 5.25 V 
l|Hjj = 300 mA 

VOL 

Output LOW Voltage 


0.25 

m 

■ 

Vcc = ^*75 V. loL *= 8.0 mA 
l|Nj = 300 mA 

l|H 

Input HIGH Current 

Co — C3. DCH REQ, INT REQ, MBSY, MR 


1.0 

20 

HA 

Vcc = 6.25 V, V|N = 2.7 V 
^Nj “ 300 mA 

Input HIGH Current 

CP 


2.0 

40 

mA 


Input HIGH Current 

IBq — IB -|5 (3'State) 



100 

nA 

Vcc = 4.75 V, V|N = 2.7 V 
^NJ “ 800 mA 

Input HIGH Current 

All Inputs 



1.0 

mA 

Vcc = 4-75 V, V|N = 5.5 V 

I|NJ = 300 mA 

l|L 

Input LOW Current 

All inputs except CP 


-0.21 

-0.36 

mA 

Vcc = 5.25V, V|N = 0.4 V 
l|Nj = 300 mA 

Input LOW Current 

CP 


-0.42 

-0.72 

mA 

Vcc = 5.25 y, V|N = 0.4 V 
hNJ ~ 800 mA 

•OZH 

OFF State (High Imp^ance) 

Output Current iBg - IB15 



100 

mA 

Vcc = 5.25 V, Vqut = 2.4 V 

Nnj ~ 800 mA 

ioZL 

OFF State (High_lmp^ance) 

Output Current IBq - IB.) 5 


-0.21 

-0.36 

mA 

Vcc = 5.25 V, VouT = 0.4 V 
liNJ - 300 mA 

■os 

Output Short Circuit_Current_ 

AN Putputs Except Mq, M^, M 2 

-15 


-100 

mA 

Vcc = 5.25 V, VouT = 0.0 V 
l|igj = 300 mA 

Ice 

Supply Current ‘ 


150 

200 

mA 

Vcc = 5.25 V 

V|NJ 

Injector Voltage 


1.0 


V 

l|Hjj = 300 mA 


Data sheets on pages 19-D4 through 19-D10 reprinted by permission of Fairchild Camera and Instrument Corporation. 
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AC CHARACTERISTICS: Ta = 0 to 75“ C — Figures 8 & 9 
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SYMBOL 

CHARACTERISTIC 

LIMITS-ns 

NOTE 

MIN 

TYP 

MAX 

tCPSYL 

Propagation Delay, CLOCK to SYN going LOW 


150 



tCPSYH 

Propagation Delay, CLOCK to SYN going HIGH 


160 



tMBSYL 

Propagation Delay, MBSY going HIGH to SYN going LOW 


70 



tMBW 

MBSY Min Pulse Width (HIGH) 


30 



tMBS 

Set-up Time, fv]BSY HIGH to CLOCK 


-40 



tMBHO 

Hold Time, MBSY HIGH after CLQCK 


60 



tCPMH 

Propagation Delay, CLOCK to M 2 , Mi, Mo going HIGH 


160 



tCPML 

Propagation Delay, CLOCK to ^ 2 , Mi, Mo going LOW 


170 



tCPOH 

Propagation Delay, CLOCK to O 1 , Oo going HIGH 


160 


Fig. 9 Only 

tCPOL 

Propagation Delay, CLOCK to O 1 , Oo going LOW 


170 


Fig. 8 Only 

tCPAH 

Propagation Delay, CLOCK to ADDRESS IBo-ts going HIGH 


170 



tCPAL 

Propagation Delay, CLOCK to ADDRESS IBo -15 going LOW 


180 



tMBAF 

Propagation Delay, CLOCK to ADDRESS IBo -15 going 3-state 


110 



tos 

Set-up Time, DATA IBo -15 to CLOCK ' 


-110 



tDHD 

Hold Time, DATA fsii-is after CLOCK 


130 



tcs 

Set-up Time, Co, C 2 , Cl, Co to CLOCK 


-110 



tCHD 

Hold Time, Co, C 2 , Ci, Co after CLOCK 


130 



tCPRH 

Propagation Delay, CLOCK to RUN HIGH 


160 


Fig. 8 Only 

fCPRL 

Propagation Delay, CLOCK to RUN LOW 


170 


toes 

Set-up Time, DCH REQ to CLOCK 


-110 


tOCHD 

Hold Time, DCH REQ after CLOCK 


130 


tis 

Set-up Time, INT REQ to CLOCK 


-100 


tiHD 

Hold Time, INT REQ after CLOCK 


120 


tCPCYH 

Propagation Delay, CLOCK to CARRY HIGH 


160 


tCPCYL 

Propagation Deiay, CLOCK to CARRY LOW 


150 


tCPIOH 

Propagation Delay, CLOCK to INT ON HIGH 


200 


tCPIOL 

Propagation Del^y, CLOCK to INT ON LOW 


190 



NOTES: 

1. The Information Bus is driven as a result of the previous cycle. 

2. The Fetch and Read cycles wjll be stretched out for slower memories. 

3. Applies to console operation using this cycle type. 


19-D5 




















































































9440 



19-D6 





ADAM OSBORNE & ASSOCIATES, INCORPORATED 


9440 


AC CHARACTERISTICS: Ta = 0 to 75“ C — Figures 10 & 11 


SYMBOL 

CHARACTERISTIC 

LIMITS-ns 

NOTE 

MIN 

TYP 

MAX 

tCPSYL 

Propagation Delay, CLOCK to SYN going LOW 


150 



tCPSYH 

Propagation Delay, CLOCK to SYN going HIGH 


160 



tMBSYL 

Propagation Delay, MBSY going HIGH to SYN going LOW 


70 



tMBW 

MBSY Min Pulse Width (HIGH 1 


30 



tMBS 

Set-up Time, MBSY LOW to CLOCK 


-40 



tMBHD 

Hold Time, MBSY LOW after CLOCK 

■i 

60 



tCPMH 

Propagation Delay, CLOCK to Ms, Mi, Mo going HIGH 


160 



tCPML 

Propagation Delay, CLOCK to Ms, Mi. Mo going LOW 


170 



tCPOH 

Propagation Delay, CLOCK to Oi, Oo going HIGH 


160 



tCPOL 

Propagation Delay, CLOCK to Oi, Oo going LOW 


170 



tCPDH 

Propagation Delay, CLOCK to DATA IBo-i 5 going HIGH 


170 


Fig. 10 Only 

tCPDL 

Propagation Delay, CLOCK to DATA IBo-ts going LOW 


180 


tCPDF 

Propagation Delay, CLOCK to DATA IBo-ts going 3-state 


110 


tCPAH 

Propagation Delay, CLOCK to ADDRESS IBo-ts going HIGH 


170 


Fig. 11 Only 

tCPAL 

Propagation Delay, CLOCK to ADDRESS IBo-is going LOW 


180 


tCPAF 

Propagation Delay, CLOCK to ADDRESS IBo-ts going 3-state 


160 


tcs 

Set-up Time, Co, Cs, Cl, Co to CLOCK 


-110 



tCHD 

Hold Time, Co, Cs. Ci, Co after CLOCK 


130 




NOTES: 

3. Applies to console operation using this cycle type. 

4. The Information B us is d riven as a result of the p revious cycle. 

5. The 9440 waits lor MBSY to go LOW. By holding MBSY HIGH, the user may idle the processor. 



RUN. OCH REQ, INT REQ. CARRY, INT ON 
unaffected during this cycle. 


Fig. 10 Write Cycie 
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9440 


AC CHARACTERISTICS: Ta = 0 to 75“ C- Figures 12. 13. 14, 15 


SYMBOL 

CHARACTERISTIC 

LIMITS-ns 

NOTE 

MIN 

TYP 

MAX 

tCPSYL 

Propagation Delay, CLOCK to SYN going LOW 


150 



tCPSYH 

Propagation Delay. CLOCK to SYN going HIGH 


160 



tCPMH 

Propagation Deiay, CLOCK to Ma, Mi, Mq going HIGH 


160 



tCPML 

Propagation Deiay, CLOCK to Mj, Mi, Mo going LOW 


170 



tCPOH 

Propagation Deiay, CLOCK to Oi. Oo going HIGH 


1«0 



tCPOL 

Propagation Delay, CLOCK to Oi, Oo going LOW 


170 



tCPDH 

Propagation Deiay, CLOCK to DATA IBo-is going HIGH 


170 


Fig. 12 Only 

tCPDL 

Propagation Delay, CLOCK to DATA IBo-is going LOW 


180 


tCPDF 

Propagation Delay, CLOCK to DATA IBo-is going 3-state 


110 


tos 

Set-up Time, DATA IBo-is to CLOCK 


-110 


Fig. 13 Only 

tOHD 

Hold Time. DATA i^-is after CLOCK 


130 


tcs 

Set-up Time, Ca, C 2 . Cl. Co to CLOCK 


-110 


Fig. 14 Only 

tCHD 

Hold Time, Ca, Ca. Ci. Co after CLOCK 


130 



NOTES: _ _ 

6. During DCH, the 94^ is not driving the M lines. An external device can control the mennory when a LOW is applied to the appropriate M line. 

7. The 9440 floats the IBo-is. The Information Bus is available to the I/O devices and the memory as needed. 







Fig. 13 I/O In Cycle 
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Chapter 20 
THE INTEL 8086 


The 8086 is Intel's first 16-bit microprocessor. It is significantly more powerful than any prior microprocessor. 

The 8086 assembly language instruction set is upward compatible with 8080A — but at the source program 
level only. That is to say, every 8080A assembly language instruction can be converted into one or more 8086 assem- 
bly language instructions. There is no reason why anyone would try to convert 8086 assembly language instructions, 
one at a time, into one or more 8080A assembly language instructions, but if you did, you would soon become 
hopelessly tangled in conflicting memory allocations and special translation rules. That is why we say that the 8086 
and 8080A assembly language instruction sets are "upward” compatible. 

The 8086 and 8080A assembly language instruction sets are not compatible at the object code level, which means that 
8080A programs stored in read-only memory are useless in an 8086 system. 

The 8085 and 8080A assembly language instruction sets are identical, with the exception of the 8085 RIM and SIM in- 
structions. The 8085 RIM and SIM instructions cannot be translated into 8086 instructions. This is because the RIM and 
SIM instructions use the serial I/O logic of the 8085, which has no 8086 counterpart. Without the RIM and SIM instruc- 
tions, the 8085 and 8080A assembly language instruction sets are identical; therefore the 8086 assembly language 
instruction set must also be upward compatible with the 8085 assembly language instruction set — apart from 
the RIM and SIM instructions. 

The 8085 and 8080A assembly language instruction sets are object code compatible — with the exception of the 8085 
RIM and SIM instructions. That is to say, a program existing in read-only memory could be used with one 
microprocessor or the other. 

The 8080A assembly language instruction set is a subset of the Z80 assembly language instruction set. That is to say, 
the Z80 will execute an 8080A object program — but the reverse is not true. The 8080A cannot execute Z80 programs 
when the full Z80 instruction set is used. The 8086 assembly language instruction set is not upward compatible 
with the Z80 assembly language instruction set. 

As a historical note, it is worth mentioning that the 8008 microprocessor, which preceded the 8080A, was also com- 
patible only at the source program level. That is to say. there is an 8080A assembly language instruction for every 8008 
assembly language instruction, but the two microprocessor object code sets are not the same. 

The various instruction set compatibilities that we have described may be illustrated as follows: 


8086 



Lower microprocessor instruction set is a subset of upper microproces- 
sor instruction set at the object program level. 


8008 
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These are the most interesting innovations to be found in 8086 hardware design: 

1) 8086 Central Processing Unit logic has been divided into an Execution Unit (EU) and a Bus Interface Unit (BIU). 
These two halves operate asynchronously. The Bus Interface Unit handles all interfaces with the external bus; it 
generates external rinemory and I/O addresses and has a 6-byte instruction object code queue. Whenever the EU 
needs to access memory or an I/O device, it makes a bus access request to the Bus Interface Unit. Providing the 
Bus Interface Unit is not currently busy, it acknowledges the bus access request from the EU. When the Bus Inter- 
face Unit has no active pending bus access requests from the EU, it performs instruction fetch machine cycles to 
fill the 6-byte instruction object code queue. The CPU takes its instruction object codes from the front of the 
queue. Thus instruction fetch time is largely eliminated. 

2) The 8086 has been designed to work in a wide range of microcomputer system configurations, ranging from a sim- 
ple one-CPU system to a multiple-CPU network. To support this wide flexibility, a number of 8086 pins output 
alternate signals. This may be illustrated as follows: 


Minimum 

Configurations 



These signals 
do not 
change 


Simple 

control 

output 

for use in 

one-CPU 

system 


Maximum 

Configurations 



These signals 
do not 
change 


Complex 
control 
signals 
useful 
in multi 
CPU networks 


The same pins output these two sets of signals, based on a level of MN/MX. This wholesale re-allocation of signals 
is a highly imaginative and innovative first for the microprocessor industry. 

3) The 8086 has built-in logic to handle bus access priorities in multi-CPU configurations. (This is not a new concept; 
National Semiconductor's SC/MP has had it for years.) 

4) In multi-CPU configurations, each 8086 CPU can have its own local memory, while simultaneously sharing com- 
mon memory. The common memory may be shared by all CPUs, or by selected CPUs. 

5) The 8086 has been designed to compete effectively in program intensive applications that have been the domain 
of the minicomputer. Up to a million bytes of external memory can be addressed directly. All memory addressing is 
base relative: this memory addressing technique naturally generates relocatable object programs. (Relocatable ob- 
ject programs can be moved from one memory address space to another and re-executed without modification.) 
Also, since the 8086 utilizes stack-relative addressing, re-entrant programs are easily written. (Re-entrant programs 
can be interrupted in mid-execution and re-executed. For example, a subroutine which calls itself is re-entrant; a 
program which can be interrupted in mid-execution by an external interrupt, and then re-executed within the in- 
terrupt service routine, is also re-entrant.) 

6) The 8086 uses prefix instructions that modify the interpretation of the next instruction's object code. 

The 8086, like its predecessor, the 8080A, is really one component of a multiple-chip microprocessor configura- 
tion. 

In addition to the 8086 microprocessor itself, you must have an 8284 Clock Generator/Driver. You could create 
the required clock signal using alternative logic, but it would be neither practical nor economical to do so. 

The third device necessary in some 8086 microprocessor configurations is the 8288 Bus Controller. 

You will usually have an 8288 Bus Controller between an 8086 and its System Bus (or busses), just as you will usually 
have an 8228 System Bus controller between an 8080A and its System Bus. In the case of the 8086, however, you can 
dispense with the 8288 Bus Controller in single-bus configurations — and pay no penalty for it. 
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The 8086 has a large family of support devices. Most of these support devices are not yet available. In this chapter we 
describe the following support devices; 

• The 8282/8283 8-bit input/output ports 

• The 8284 Clock Generator/Driver 

• The 8286/8287 8-bit parallel bidirectional bus drivers 

• The 8288 Bus Controller 

The only manufacturer of the 8086 is: 

INTEL CORPORATION 
3065 Bowers Avenue 
Santa Clara. CA 95051 

It is probable that Advanced Micro Devices will become a second source for this part within the U.S.A., while Siemens 
AG becomes the second source in Europe. 

The 8086 is manufactured using N-channel depletion load, silicon gate technology. It is packaged in a 40-pin DIP. A 
single +5V power supply is required. All signals, with the exception of the clock input, are TTL-compatible. The clock 
input must be an MOS level signal: it is generated by the 8284 Clock Generator/Driver device, which is described later 
in this chapter. 

Instruction execution times will vary depending on how effectively instruction queuing is used. Typically, between 2 
and 30 clock cycles are required to execute an instruction. Multiplication and division instructions require more execu- 
tion time. Clock cycles may be as short as 1 25 nanoseconds. Future versions of the 8086 will likely allow faster clocks. 


THE 8086 CPU 


Functions implemented on the 8086 microprocessor chip are illustrated in Figure 20-1. 

Interrupt priority arbitration logic is shown as only half present; external logic, such as an 8259A, must provide a 
device code identifying an interrupt, but all arbitration and vectoring logic is subsequently handled by logic within the 
CPU. 

It is vyorth noting that bus interface logic, which is shown as present in Figure 20-1 , is much more extensive than other 
microprocessors provide. One could rightfully demand that bus interface logic therefore be shown as absent in 
equivalent figures for other microprocessors. 


8086 PROGRAMMABLE REGISTERS AND ADDRESSING MODES 


We describe 8086 programmable registers in conjunction with 8086 addressing modes, since many 8086 pro- 
grammable registers are there only to support memory addressing logic. 8086 programmable registers are il- 
lustrated in Figure 20-2. 


Shaded registers are 8086 equivalents for 8080A registers. 8080A register names are shown in the left margin. 


Let us first examine the general purpose registers. AX. BX. CX and DX. These locations are 
treated as four 1 6-bit registers or eight 8-bit registers; they also reproduce the 8080A general pur- 
pose registers as follows: 

AH has no. 8080A equivalent. Do not confuse it with the 8080A PSW. 

AL is equivalent to the 8080A A register 
BH is equivalent to the 8080A H register 
BL is equivalent to the 8080A L register 
CH is equivalent to the 8080A B register 
CL is equivalent to the 8080A C register 


8086 AND 
8080A 
REGISTERS 
COMPAT- 
IBILITY 


DH is equivalent to the 8080A D register 
DL is equivalent to the 8080A E register 

Consistent with 8080A register utilization, register AX serves as a primary Accumulator. Input 
and output instructions pass data through AX (or AL) in preference to other general purpose 
registers: also, selected instruction access AX (or AL) contents only. 

In addition to serving as a general purpose Accumulator, register BX can serve as a base 
register when computing data memory addresses. 


8086 AX 
REGISTER 


8086 BX 
REGISTER 
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Logic to Handle 
Interrupt Requests 
from 

External Devices 


Arithmetic and 
Logic Unit 


Accumulator 

Rcgisterfs) 


Instruction Register 


Data Counteds) 


Control Unit 


Stack Pointer 


Bus Interface 
Logic 


Program Counter 


System Bus 


ROM Addressing 
and 

Interface Logic 


RAM Addressing 
and 

Interface Logic 


I/O Ports 


Clock Logic 


Direct Memory 
Access Control 
Logic 


Interrupt Priority 
Arbitration 


I/O Communication 
Serial to Parallel 
Interface Logic 


Read Only 
Memory 


Read/Write 

Memory 


Programmable 

Timers 


Figure 20-1. Logic of the Intel 8086 CPU 
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A 
H, L 
B, C 

D. F 


15 0 •<- One 16-bit register 

7 0 7 0 •<- Two 8-bit registers 


AH 

AL (or A) 

liiBH'P-' 

BL 

CH 

CL 

DH 

DL 


AX (= AH, AL) Primary Accumulator(s) 


BX (= BH, BL) Accumulator(s). and Base register 


CX (= CH, CL) Accumulator(s) and Counter register 

' . I ■ 

DX (= OH, OL) Accumulatofis) and I/O Data Counter 


"n 


These names apply to 16-bit registers 
These names apply to 8-bit registers 


SP 


PC 


15 


0 Bit number 



15 0 


Stack Pointer (SP) 

Base Pointer (BP) 

Bit number 
Source Index (SI) 
Destination Index (Dl) 

Bit nurnber 
Program Counter (PC) 

Bit number 
Code Segment (CS) 
Data Segment (DS) 
Stack Segment (SS) 
Extra Segment (ES) 

Bit number 
Status 


Index registers 


Segment registers 


Shaded registers are 8086 equivalents for 8080A registers. 
8080A register names are shown in the left margin. 


Figure 20-2. 8086 Programmable Registers 


Register CX serves as an Accumulator; it is also used as a counter by multi-iteration instruc- 
tions; these instructions terminate execution when register CX contents increment or decrement 
to 0. 


Some I/O instructions move data between an identified I/O port and the memory location 
addressed by register DX. Register DX may also serve as an Accumulator. 

When looking at general purpose registers AX, BX, CX and px, there is plenty of opportunity to be 
confused by terminology. 

Intel literature identifies the four 1 6-bit registers via the labels AX. BX, CX and DX. Each of these 1 6-bit registers is sub- 
divided by jntel literature into two 8-bit registers, as follows: 


8086 

CX 

REGISTER 

8086 

DX 

REGISTER 
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15 

7 


AH 


07 


BH 


15 

7 


07 


CH 


CL 


15 

7 


CX 

07 


DH 


DL 


AX bit numbers 
<- AH, AL bit numbers 


■<- BX bit numbers 
■<- BH, BL bit numbers 


CX bit numbers 
<- CH, CL bit numbers 


DX bit numbers 
DH, DL bit numbers 


The 8080A Accumulator must be reproduced by AL. since selected 8080A and 8086 instructions access this register 
and none other. 

BH and BL must reproduce the 8080A H and L registers, sjnce only BX can contribute to an 8086 data memory address. 
On the surface this would appear to present a problem, since the 8080A has a limited number of instructions which use 
the BC and DE registers to provide 16-bit memory addresses. When 8080A source programs are reassembled to ex- 
ecute on an 8086 microprocessor, 8080A instructions that seek memory addresses out of the BC or DE registers 
become 8086 instructions that use Index registers. 

All 8086 memory addresses are computed by surnming the contents of a Segment register 
and an effective memory address. The effective memory address is computed via a variety of 
addressing modes, as it would be for any other microprocessor. The selected Segment register 
contents are left-shifted four bits, then added to the effective memory address to generate the ac- 
tual address output as follows: 

Segment Register contents: XXXXXXXXXXXXXXXXOOOO 

Effective memory address: + OOOOYYYYYYYYYYYYYYYY 

Actual address output: ZZZZZZZZZZZZZZZZYYYY 

X, Y and Z represent any binary digits. 


8086 

SEGMENT 

REGISTERS 
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Thus a 20-bit memory address is computed — which allows 1.048,576 bytes of external memory to be ad- 
dressed directly. 

i ■ 

The Segment registers of the 8086 are unlike any other microprocessor registers described in this book. They act as 
base registers which can point to any memory location that lies on an address boundary that is an even multiple of 1 6 
bytes. Using arbitrary memory addresses, this may be illustrated as follows; 


334DF, 


CS segment 


CS Segment register 
contains 234E,, 


234EO,, 


ES Segment register 
contains 0A32^e 


DS Segment register, 
contains 021 F,, 



1A31F,, 


121EF,. 
OA320,4 
021 FO„ 


ES segment 


'DS segment 


As illustrated above, each Segment register identifies the beginning of a 65.536-byte memory segment. Since the 
8086 has four Segment registers, there will at any time be four selected 65,536-byte memory segments. The actual ad- 
dress output will always select a memory location within one of these four Segments. For example, if an actual address 
output is the sum of the DS Segment register and an effective memory address, then the actual address output must 
select a memory location within the DS segment; that is to say, within the address range 021 FOjs through 1 21 EFis in 
the illustration above. Likewise, an actual address output which is the sum of the CS Segment register and an effective 
memory address must select a memory location within the CS segment, which in the illustration above will lie in the 
address range 234E0i6 through 334DFifl. 

No restrictions are placed on the contents of Segment registers. Therefore 8086 memory is not divided into 65,536- 
byte pages, nor do the four Segment registers have to specify non-overlapping memory spaces. Each Segment register 
identifies the origin of a 65,536-byte memory segment which may lie anywhere within addressable memory, and may 
or may not overlap with one or more other segments. 

Even though Segment registers can create overlapping or non-overlapping segments, they do have dedicated address- 
ing functions. That is to say, different types of memory accesses compute memory address within specific seg- 
ments. 

During an instruction fetch, the Program Counter contents are added to the Code Segment 
register (CS) contents in order to compute the memory address for the instruction to be fetched. 

This may be illustrated as follows: 


8086 CODE 
SEGMENT 
REGISTER 
AND PROGRAM 
COUNTER 
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Actual program memory 
address output. 



Once again, M, N and P represent any hexadecimal digits. 

Instructions that process data strings use the SI and Dl Index registers, together with tlie 
Data Segment register (DS) and the Extra Segment register (ES), in order to identify string 
source and destination addresses. This may be illustrated as follows: 


8086 

EXTRA 

Segment, 

SOURCE INDEX 
AND 

DESTINATION 

INDEX 

REGISTERS 
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As the above illustration \A/ould imply, instructions that process strings require that the source and 
destination strings reside within a single 65,536-byte address range, but not necessarily the same 
65,536-byte range. 

Instructions that access data memory add an effective memory address to the Data Seg- 
ment register (DS) or the Stack Segment register (SS). This may be illustrated as follows: 

Program 

Memory, 

15 0 as addressed 

7 07 0 by PC and CS 


8086 

DATA 

SEGMENT AND 
STACK SEG- 
MENT 
REGISTERS 



X, Y and Z represent any hexadecimal digits. 

When a data memory address is created, as illustrated above, the BX, BP, SI and Dl registers' con- 
tents, plus a displacement coming from the instruction object code, may contribute to the effec- 
tive memory address. There are, however, very specific register and displacement combinations that can create an 
effective memory address, as summarized in Table 20-1. Each case specifies either the DS or SS register as the default 
source for the segment base address. 
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Table 20-1 . A Summary of Intel 8086 Memory Addressing Options 






POSSIBLE DISPLACEMENTS 

MEMORY 

REFERENCE 

SEGMENT 

REGISTER 

BASE 

REGISTER 

INDEX 

REGISTER 

16-BIT 

UNSIGNED 

8-BIT 

HIGH ORDER BIT 
EXTENDED 

NONE 



None 

SI 

X 

X 

X 


DS 

Dl 

X 

X 

X 


(Alternate*; 


SI 

X 

X 

X 

NORMAL DATA 

CS, SS or ES) 

BX 

Dl 

X 

X 

X 

memory 



None 

X 

X 

X 

REFERENCE 

. DS 

None 

None 

X 




SS 


SI 

X 

X 

X 


(Alternate*: 

BP 

Dl 

X 

X 

X 


CS, DS or ES) 


None 

X 

X 


STACK 

SS 

SP 

None 




STRING 

ES 


SI 




DATA 


Dl 




instruction 

FETCH 

CS 

PC 

None 




BRANCH 

CS 

PC 

None 


X 


I/O DATA 

DS 

DX 

None 





* The segment override allows DS or SS to be replaced by one of the other segment registers 
X These are displacements that can be used to compute memory addresses. 


When creating any data memory address, you can execute an extra instruction to select a Segment register other than 
the default Segment register. You can only select a Segment register other than the default Segment register vyhen ad- 
dressing data memory. You must live with the default Segment register when creating program memory addresses, 
Stack addresses, or string instruction addresses. 

It is very important to note that the 8086 has a whole set of data memory addressing options aimed at access- 
ing the Stack as though it were a data area. That is to say, in addition to the normal "Push” and "Pop” type Stack in- 
structions, the 8086 allows normal data memory acceses instructions to address the Stack. Many assembly language 
programmers use the Stack to store addresses, and as a general depository for data which must be transmitted be- 
tween program modules. Anyone favoring this assembly- language programming philosophy will be delighted with 
8086 data memory addressing options. 
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Let US now examine the various data memory addressing options in detail. Refer to Table 20-1. 

In the simplest case, we have straightforward direct memory addressing. A 16-bit displace- 
ment provided by tvyo instruction object code bytes' is added to the Data Segment register in order 
to create the actual memory address. This may be illustrated as follows: 


8086 DIRECT 

MEMORY 

ADDRESSING 


15 0 

7 07 0 


Program 

Memory 



H, L, M, N. P, R and S all represent any hexadecimal digits. 

Note that a 16-bit address displacement, when stored in program memory, has the low-order byte preceding the high- 
order byte. This is consistent with the way the 8080A stores addresses in program memory. 

DS must provide the Segment base address when addressing data memory directly, as illustrated above. 
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Direct, indexed addressing is also provided. The SI or Dl register may be selected as the Index 
register. You have the option of adding a displacement to the contents of the selected Index 
register in order to generate the effective address. If you do not add a displacement, then you 
have, in effect, implied memory addressing via the SI or Dl register. This may be illustrated as 
follows: 


8086 

IMPLIED 

MEMORY 

ADDRESSING 


15 0 

7 07 0 

AX = AH+AL 
BX = BH + BL 
CX = CH + CL 
DX = DH+DL 


15 


0 



Actual data memory address output for 
implied memory addressing. 


(You may substitute CS, SS or ES for DS by executing an additional 1-byte instruction.) 

X. R and S represent any hexadecimal digits. 

If a displacement is added to the contents of the selected Index register, then you may 
specify an 8-bit displacement or a 16-bit displacement. A 16-bit displacement is stored in two 
object code bytes; the low-order byte of the displacement precedes the high-order byte of the dis- 
placement, as illustrated for direct memory addressing. If an 8-bit displacement is specified, then 
the high-order bit of the low-order byte is propagated into the high-order byte to create a 16-bit displacement. This 
may be illustrated as follows: 


8086 DIRECT, 

INDEXED 

ADDRESSING 


Displacements: 
Sign extended: 


10 110 10 1 
1 1 1 1 111 i i T 0110101 


0 110 10 11 
0 0 0 0 0 0 0 0~o]T 10 10 11 
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We may now illustrate direct, indexed addressing as follows: 


07 


Program 

Memory 



(You may substitute CS, SS or ES for DS by executing an additional 1-byte instruction.) 


M, N, P, R, X, Y and Z all represent any hexadecimal digits. 

YYYY is the 16-bit or 8-bit displacement taken from program memory. 


XXXX is the index taken from either the Dl or the SI register. 

The effective memory address can be computed using base relative addressing. You have 
two sets of base relative addressing options: 

1) Data memory base relative addressing, which is within the DS segment (data memory). 

2) Stack base relative addressing, which is in the SS segment (Stack memory). 

Data memory base relative addressing uses the BS register contents to provide the base for 
the effective address. All of the data memory addressing options thus far described are 
available with base relative data memory addressing. In effect, base relative data memory 
addressing merely adds the contents of the BX register to the effective memory address 
which would otherwise have been generated. Here, for example, is an illustration of base rela- 
tive direct addressing: ^ 


8086 BASE 
RELATIVE, 
INDEXED 
ADDRESSING 


8086 

DATA 

MEMORY BASE 

RELATIVE 

ADDRESSING 
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15 0 Program 

7 07 0 Memory 



Simple, direct addressing, which we described earlier, always generated a 1 6-bit displacement. Base relative, direct ad- 
dressing allows the displacement, illustrated above as HHLL, to be a 16-bit displacement, an 8-bit displacement with 
sign extended, or no displacement at all. 

Base relative implied data memory addressing simply adds the contents of the BX register to the selected Index register 
in order to compute the effective memory address. This may be illustrated as follows; 

15 , ’ 0 

7 07 0 

AX = AH+AL 
BX = BH + BL 
CX = CH + CL 
DX = DH+DL 


SP. 

BP 

SI 

Dl 

PC 


CS 

DS 

SS 

ES 



(You may substitute CS, SS or ES for DS by executing an additional 1-byte instruction.) 
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Base relative, direct, indexed data memory addressing may appear to be complicated, but in fact it is not. We simply 
add the contents of the BX register to the effective memory address, as computed for normal direct, indexed address- 
ing. Thus, base relative, direct, indexed data memory addressing may be illustrated as follows: 


15 0 Program 

7 07 0 Memory 



(You may substitute CS, s or ES for DS by executing an additional 1-byte instruction.) 

The 8086 also has Stack memory addresing variations of the base relative, data memory addressing options just de- 
scribed. Here, for example, is base relative, direct'Stack memory addressing; 


07 


Program 

Memory 



(You may substitute CS, ES or SS for DS by executing an additional 1-byte instruction.) 

In the illustration above, the displacement HHLL must be present, either as a 16-bit displacement, or as an 8-bit dis- 
placement with sign extended. Remember, base relative, direct data memory addressing also allows no displacement. 
However, base relative, direct Stack memory addressing requires a displacement. These options are summarized in Ta- 
ble 20-1. 
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Here is an illustration of base relative implied Stack memory addressing: 



15 


0 



Actual Stack memory address output for 
base relative, implied memory addressing. 


(You may substitute CS, DS or ES for SS by executing an additional 1-byte instruction.) 


X, R and S represent any hexadecimal digits. 

Here is an illustration of base relative, direct, indexed Stack memory addressing: 


15 0 Program 

7 07 0 Memory 



(You may substitute CS, DS or ES for SS by executing an additional 1-byte instruction.) 
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There is one anomalous 8086 addressing mode which can cause confusion. One variation of I/O 
instructions addresses an I/O port via the OX register. The DX register contents are output oH 
the Address Bus, to be interpreted as an I/O port address. This means you can have up to 65,536 
I/O port addresses. Since the DX register contents are being output as an I/O port address, it iS hot 
added to any Segment register contents. Thus, the DX register outputs an address in the range OOOOis through FFFFis. 
This is the only case in which a register's contents aire output directly as an address on the Address Bus, without first 
passing through segmentation logic. 

All 8086 Branch-on-Condition instructions use program relative addressing. This feature 
allows dynamically relocatable code. The Branch-on-Condition instruction provides an 8-bit, 
signed binary displacement which is added to the contents of the Program Counter. Thus, Branch- 
on-Condition instructions have an addressing range of -FI 28 through -127 bytes from the location 
of the Branch-on-Condition. The queuing of instruction object codes has no impact on Branch- 
on-Condition logic, or the branch addressing range. 

8086 Jump and Subroutine Call instructions offer these addressing options: 

1) Program relative addressing. An 8-bit or 16-bit displacement is added to the contents of the Program Counter. 

2) Direct addressing. New 1 6-bit addresses provided by the instruction are loaded into the Program Counter and the 
CS Segment register. 

3) Indirect addressing. Any of the data memory addressing options may be used to read data 
from data memory. However, the data input is interpreted as a memory address. You have two 
indirect addressing options. A single 1 6-bit data word may be read, in which case it is loaded 
into the Program Counter and the Jump or Call references a memory location within the cur- 
rent CS segment. You can also read two 16-bit data words: the first is loaded into the Pro- 
gram Counter and the second is loaded into the CS Segment register. Thus you can Jump or 
Call indirectly any addressable memory location. 

8086 STATUS 

The 8086 has a 16-bit Status register with the following status bit assignments: 


8086 

INDIRECT 

ADDRESSING 


8086 

PROGRAM 

RELATIVE 

ADDRESSING 


8086 I/O 
PORT 

ADDRESSING 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 <- Bit No. 
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The Carry, Auxiliary Carry, Overflow and Sign statuses are quite standard; see Volume 1 for a description of these 
statuses. The Auxiliary Carry status is identical to the 8080A status with the same name. It represents carries out of bit 
3 in an 8-bit data unit as described in Volume I, Chapter 2. 

Subtract instructions use twos complement arithmetic in order to subtract the minuend from the subtrahend. 
However, the Carry status is inverted. That is to say, following a subtract operation, the Carry status is set to 1 
if there was ho carry out of the high-order bit, and the Carry status is reset to 0 if there was a carry out of the 
high-order bit. The Carry Status therefore indicates a borrow. 

The Parity status is set to 1 when there is an even number of 1 bits in the result of a data operation; an odd number of 
1 bits causes the Parity status to be reset to 0. 

The Zero status is cornpletely standard. It is set to 1 when the result of a data operation is zero; it is set to 0 when the 
result of a data operation is not zero. 

The Direction status determines whether string operations will auto-increment or auto-decrement the contents 
of Index registers. If the Direction status is 1. then the SI and Dl Index registers' contents will be decremented; that is to 
say, strings will be accessed from the highest memory address down to the lowest memory address. If the Direction 
status is 0, then the SI and Dl Index register contents will be incremented; that is to say, strings will be accessed begin- 
ning with the lowest memory address. 

The Interrupt status is a master iriterrupt enable/disable. This status must be 1 in order to enable interrupts within 
the 8086. If this status is 0, then all interrupts will be disabled. 

The Trap status is a special debugging aid which puts the 8086 into a "single step" mode. The single step mode is 
described in detail together with 8086 interrupt logic, since it depends on this interrupt logic for its existence. 

The Carry, Auxiliary Carry, Parity, Sign and Zero statuses are also found in the 8080A. The Overflow, Direction, 
Interrupt and Trap statuses are new in the 8086. 
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8086 CPU PINS AND SIGNALS 

8086 CPU pins and signals are iilustrated in Figure 20-3. 


GND 

AD14 ► 

AD13 ► 

AD12-< ► 

AD11 ► 

AD10 ► 

AD9 ► 

AD8 ► 

AD7 ► 

AD6 ► 

ADS ► 

AD4 ► 

AD3 ► 

AD2 ► 

ADI ► 

ADO ► 

NMI ► 

INTR ► 

CLK ► 

GND 


Type 

Bidirectional, tristate 

Output, tristate 

Output, tristate 

Output, tristate 

Output, tristate 

Output, tristate 

Input 

Input 

Input 

Input 

Input 

Input 

Output, tristate 

Bidirectional 

Output 

Output, tristate 

Output, tristate 
Output, tristate 
Output 

Output, tristate 
Output, tristate 
Output 
Input 
Output 


Figure 20-3. 8086 Pins and Signal Assignments 



Pin Name 

Description 


ADO-AD15 

Data/Address Bus 


A16/S3, A17/S4 

Address/Segment identifier 


A18/S5 

Address/Interrupt enable status 


A19/S6 

Address/status 


■BHE/S7 

High-order byte/status 


RD 

Read control 


READY 

Wait state request 


TEST 

Wait for test control 


INTR 

1 nterrupt request 


NMI 

Non-maskable interrupt request 


RESET 

System Reset 


CLK 

System Clock 


r MN/MX 

= GND for a maximum system 

Maximum J 

( SO, S1,S2 

Machine cycle status 

System < 

■rq/gto, ^GTI 

Local bus priority control 

Signals 1 

1 QSO, QS1 

Instruction queue status 


^ LOCK 

Bus hold control 

/ 

' MN/I^ 

= Vcc for a minimum system 

i 

M/To 

Memory or I/O access 

1 

i WR 

Write controV 

Minimum J 

1 ALE 

Address Latch enable 

System \ 

dt/'r 

Data transmit/receive 

Signals ' 

{ DEN 

Data enable 

i 

1 INTA 

Interrupt acknowledge 


’ HOLD 

Hold request 

1 

^ HLDA 

Hold acknowledge 


Vcc- GND 

Power, ground 


1 


40 

Vcc 

2 


39 

► AD15 

3 


38 

► A16/S3 

4 


37 

► A17/S4 

5 


36 

► A18/S5 

6 


35 

► A19/S6 

7 


34 

► bThe/s7 

8 


33 

^ MN/MX 

9 


32 

► RD 

10 

8086 

31 

► ^GTO, HOLD 

ii 


30 

► R^GT1,HLDA 

12 


29 

► LOCK,WR 

13 


28 

► S2, M/iO 

14 


27 

► S1,DT/^ 

15 


26 

► S0,D^ 

16 


25 

*- QSO, ALE 

17 


24 

► qsi,Tnta 

18 


23 

-< TEST 

19 


22 

READY 

20 


21 

RESET 
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The 8086 outputs a 20-bit memory address. Data is accessed as 16-bit words, subdivided into a low-order byte and a 
high-order byte. Therefore the 8086 needs a 20-line Address Bus and a 16-line Data Bus. In order to have a 40-pin 
package, the low-order 16 Address Bus lines are multiplexed with the Data Bus. 

BHE may be looked upon as an additional Address Bus line, since it is used to identify the high-order byte of a 
memory word, while ADO identifies the low-order byte of the memory word. 

The four high-order Address Bus lines, together with BHE, are multiplexed with five status lines, thus, we can illustrate 
Address Bus line multiplexing as follows; 


Data/Status Address 


Status 

S7- 

-BHE High-order byte of selected word 

16-bit data word -j 

DO- 

- AO Low-order byte of selected word 

1 D1 -D15- 

-A1-A15 \ . 

Status 

S3 - S6 - 

> Address of a 16-bit word 
-A16-A19 ) 


It rs easy to become confused when looking at how the Address Bus, together with BHE, is used 8086 
to access memory. As seen by external memory. Address Bus lines are interpreted as follows: EXTERNAL 

MEMORY 

ADDRESSING 


ADO 

ADI 

AD7 

ADS 

ADI 5 

At 9 
BHE 
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In the illustration above you will see that memory is indeed organized as bytes. 

The data pins of the low-order byte memory bank connect to AD0-AD7. The high-order byte memory bank data pins 
connect to AD8-AD15. 

The low-order and high-order byte memory banks each have memory select logic which decodes AD1-A19. These 19 
address lines become inputs A0-A18 at the illustrated memory select logic. Since each memory bank receives 19 ad- 
dress lines, select logic can address up to 524,288 (512K) bytes of memory. These two memory banks, taken together, 
constitute the advertised one million bytes of directly addressable memory. 

Now, you may well ask why one should bother dividing memory into separate low-order byte and high-order byte 
banks. If a sixteen-bi t wor d lies on an even-byte address boundary, then we could ignore the memory select logic con- 
nections to ADO and BHE. The address on ADI -A1 9 becomes an address identifying a 1 6-bit word which just happens 
to be implemented as two separate 8-bit memory banks. 

If an 8086 16-bit memor y wo rd does lie on an even-byte address boundary, then the low-order byte address is, in fact, 
the only address output. BHE is pulsed low while the low-order byte address is being output, and both memory banks 
consider themselves selected even though (in theory) the high-order memory bank's address has not been output. 

To illustrate what happens, consider the memory addresses 02A40i6 and 02A41 is. One would normally expect the two 
addresses to be output sequentially in order to access the low-order byte and then the high-order byte of the 16-bit 
word. This may be illustrated as follows: 



02A40i6 


from 

byte 

02A40i6 


02A41,6 


from 
byte 
02A41 16 


But we could just as easily output the low-order byte address only, using BHE as an extra address line to substitute for 
the odd-byte address — which is never output. This may be illustrated as follows: 



Assume 
address 
02A41i6 
has been 
output 
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If a word lies on an odd-byte address boundary, then two byte addresses must be output to access the two 
halves of the 16-bit word. This may be illustrated as follows: 



First memory Return low- Second Return high- 

access is to order byte memory order byte 

a byte in of 16-bit access is to a of 16-bit 

the high- word via byte in the word via 

order byte AD8-AD15 low-order AD0-AD7 


memory 
bank, i.e. 
an odd byte 
address, with 
ADO high 


byte memory 
bank, i.e. 
an even byte 
address, with 
ADO low 


When a 16-bit word lies on an odd-byte address boundary, as illustrated above, the low-order byte is input first via 
AD8-AD15, then the high-order byte is input via AD0-AD7. Logic internal to the 8086 switches the data bytes into 
their correct locations. 

Intel could have elected to implement external memory as 1 6-bit words, which would eliminate BHE along with 
the Address Bus complexities we have just described. But this would have forced all instruction object codes, 
and data, to be accessed as 16-bit units. Why not do it? 

One of the most interesting hindsight discoveries that 8080A users have made is the fact that the 8080A is extremely 
efficient in its use of memory. By having a large number of 8-bit object codes, the 8080A generates object programs as 
compact as the most powerful minicomputers on the market. 

But if the 8086 is to keep 8-bit object codes, and therefore the efficient memory utilization of the 8080A, then it can no 
longer guarantee that data will lie on even-byte address boundaries. The first 8-bit object code will force the next in- 
struction or data entity to begin on an odd-byte boundary. 

By including BHE and the extra logic needed to access 1 6-bit data units origined at odd-byte boundaries, the 8086 has 
allowed instructions to generate 1-byte, 3-byte or other odd-byte object codes, rather than 2-byte, 4-byte and even- 
byte object codes only. 

Simply stated, this is the trade-off: simplify memory addressing so that external memory is accessed only as 
16-bit data units and you will use memory less efficiently. Intel elected to make memory addressing logic more 
complex and memory utilization more efficient. 

Moving on from the Data/Address Bus, 8086 signals may be grouped into those that do not change with system 
complexity, and those that do. Let us first look at the unchanging signals. 

CLK is the single clock signal output by the 8284 clock generator to synchronize all 8086 logic. 

READY is the Wait state request which slow external logic inputs if it requires more time to respond to an access. A 
high READY input occurring at the proper time early in a machine cycle causes the 8086 to extend the machine cycle 
by inserting Wait state clock periods. 
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RD is a single bus control signal which does not change with system configuration. This signal is output low when 
the CPU is inputting data from any external source. 

Even though RD is output by the same physical pin under all circumstances, this signal is func^nally part of the group 
which change their nature depending on signal complexity. We will therefore refer again to RD when describing the 
signals which are a function of system complexity. 

There are four interrupt and interrupt-related signals. 

INTR is a normal interrupt request input. 

NMI is a non-maskable interrupt request input. 

RESET is a system reset signal; it must be input high to the 8284 clock generator for at least 
four CLK clock periods. The 8284 transmits a synchronized RESET signal to the CPU. When 
the 8086 is reset, the following events occur: 

1) The Status register is cleared. This disables external interrupts. 

2) The Program Counter and the three Segment registers, DS, SS, and ES, are cleared. 

3) The CS Segment register is set to FFFFie. Following a Reset, program execution therefore restarts with the instruc- 
tion located at memory byte FFFFOie. 

These reset operations take approximately 10 clock periods to occur — during which time no other operations 
should occur. 

TEST is not really an interrupt input, but it is used by program logic that otherwise would rely upon an interrupt. The 

8086 has a special "Wait-for-Test" instruction that puts the CPU into a Idle state; this idle state ends when the 
TEST input goes low. 

® An 8080A (and other microprocessors) will duplicate the logic of the 8086 "Wait-for-Test” instruction by executing a 
"no operation” loop which is terminated by an interrupt request: 



ENI 

Enable interrupts 

LOOP 

NOP 

JMP *-1 

Stay indefinitely in this loop 

Only an interrupt will terminate loop execution 


There are eight pins which can output one of two signals, depending on whether MN/MX is 
tied to power or ground. By having two sets of signals, the 8086 can be used in simple con- 
figurations, best served by elementary control signals, or in complex configurations, where control 
signals must provide sufficient information to resolve the contentions and access conflicts that 
complex microcomputer systems may encouter. 

The two sets of signals may be illustrated as follows: 


Minimum 

Maximum 









Systems 

Systems 









MN/MX = Vcc 

MN/M>r = 

GND 







M/To 

S2 

0 

Lo- 

0 1 

0 

1 


1 

DT/R 

sT 

0 

[0 ^ 

1 

0 

iiijiiiSTi; 

1 

DEN 

^ 

0 

1 1 


1 

0 


0 1 

1 



1 

1 

1 

H 

1 

M 

M 

N 



N 

0 

0 

A 

F 

E 

E 

O 



T 

R 

w 

L 

E 

M 

M 

N 



A 



T 

T 

R 

W 

E 







C 










H 




INTA 

QS1 

0 

0 

1 

1 





ALE — 

QSO 

0 

1 

0 

1 







N 

Q 

Q 

Q 







O 

8 

E 

B 






o 

P I s 

WR LOCK 

HOLD RQ/GO 

HLDA RQ/G1 
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8086 

DUAL BUS 
COMPLEXITY 


8086 

RESET 




Let us first look at the simple set of control signals which are output when MN/MX is con- 
nected to +5V. These are completely standard microprocessor control signals. 

Since data and addresses are multiplexed on a single bus, AIE is output high to identify a valid 
memory address. 

When data are being transmitted or received via the Data/Address Bus, WR is pulsed low to identify data output, 
while RD is pulsed low as a request for external logic to place data on the Data/Address Bus. We have already 
described RD. It is not one of the changing signals; nevertheless, it is used by both simple and complex system busses. 

For a read or a write operation, M/IO indicates whether memory (M/IO high) or an I/O port (M/IO low) is being ac- 
cessed. 

DT/R and DEN are two new control signals not found in earlier Intel microprocessors. These two control signals have 
been designed specifically to control 8286/8287-type bidirectional latched buffers. DTTr identifies the data direc- 
tion, while DEN is the latching signal. The 8286 and 8287 latched buffers are described later in this chapter. 

HOLD and HLDA are standard hold request/acknowledge signals. When external logic inputs HOLD high, the 8086 
CPU enters a Hold state upon completing the current instruction's execution: the 8086 acknowledges the Hold State 
by outputting HLDA high. We will describe the Hold state in more detail later in the chapter. 

Let us now look at the complex System Bus which is generated when MN/MX is tied to 
ground. Control signals are output as a three-signal combination, decoded by a 3-to-8 decoder, 
and a two-signal combination, decoded by a 2-to-4 decoder. Complex System Bus signals have 
been designed to act as inputs to an 8288 Bus Controller. 

S2, SI and SO are decoded to provide eight separate control signals. However, the simple system signals M/IO, DT/R 
and DEN represent a subset of the eight S2. SI and SO combinations. In our earlier illustration, we identify this simple 
system subset by shading the applicable complex system S2. SI and SO levels. 

The eight combinations of S2, S1 and SO generate the following control signals: 


S2 

SI 

so 



0 

0 

0 

INTA 

Interrupt acknowledge 

0 

0 

1 

lOR 

I/O device read 

0 

1 

0 

low 

I/O device write 

0 

1 

1 

HALT 

CPU has executed a HALT instruction and is in the Halt state 

1 

0 

0 

1 FETCH 

The CPU is fetching an instruction object code byte 

1 

0 

1 

MEMR 

Memory read 

1 

1 

0 

MEMW 

Memory write 

1 

1 

1 

NONE 

The System Bus is inactive 


The control signal descriptions above use the words "read" and "write” as seen by the CPU. That is to say, a "read" 
operation moves data from a memory device or I/O port to the CPU, while a "write" operation moves data from the CPU 
to a memory location or I/O port. 

QSO and OS1 combine to identify conditions within the 8086 instruction object code queue — which we will describe 
soon. The QSO and QS1 combinations are interpreted as follows: 


8086 COMPLEX 

CONTROL 

SIGNALS 


8086 SIMPLE 

CONTROL 

SIGNALS 


OSO OS1 

0 0 NOOP 

0 1 OBI 

1 0 OE 

1 1 QBS 


No operation. This is the default case. 

The first instruction object code in the queue is being executed. 

The queue is empty. 

An instruction object code other than the first one in the queue is being executed. 


Observe that the simple bus signals INTA and ALE do not correspond to any combination of QSO and QS1. This is in 
contrast to M/IO. DT/R and DEN, which constitute a subset of S2, SI and SO. 

LOCK. RQ/GTo and RQ/GTi are not related to their simple system equivalent signals: WR, HOLD and HLDA. LOCK, 
RQ/GTo and RQ/GTi provide the 8086 with its System Bus priority and control logic in complex configurations. 


LOCK is output high to prevent the 8086 from losing bus control while executing a sequence of machine cycles that 
must not be interrupted. Typically these will be a memory access combination of read-mod ify-write machine cycles, 
where an error could result if the CPU lost bus control after the read and before the write. 

RQ/GTo and RQ/GTi are two-bus priority, bidirectional type signals. They are used to determine which CPU in a multi- 
CPU configuration will at any time have control of a shared bus. We will discuss these signals in more detail later in the 
chapter when looking at the capabilities of the 8086 in multi-CPU shared bus configurations. 
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8086 TIMING AND INSTRUCTION EXECUTION 

The most important concept to understand when looking at 8086 instruction execution tim- 8086 
ing is the fact that 8086 bus control logic has been separated from the 8086 instruction ex- EXECUTION 

ecution logic. That is to say, the 8086 has an Execution Unit (EU), and a Bus Interface Unit UNIT (EU) 

- 

The Execution Unit (EU) contains Data and Address registers, the Arithmetic and Logic Unit, 8086 BUS 
plus the Control Unit. The Bus Interface Unit (BIU) contains bus interface logic. Segment INTERFACE 
registers, memory addressing logic, and a six-byte instruction object code queue. This may UNIT (BIU) 
be illustrated as follows: ^ 



The Execution Unit (EU) and the Bus Interface Unit (BIU) operate asynchronously. Whenever 8086 

the Execution Unit is ready to execute a new instruction, it fetches the instruction object code INSTRUCTION 

from the front of the Bus Interface Unit instruction queue, then it executes the instruction in some QUEUE 

number of clock periods that have nothing to do with machine cycles. If the instruction object 

code queue is empty, then the Bus Interface Unit (BIU) executes an instruction fetch machine cycle — and the CPU 
waits for the instruction object code to be fetched. But the queue will rarely be empty, for reasons that will soon 
become apparent: therefore, the EU will usually not have to wait while an instruction fetch is executed. 
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If memory or an I/O device must be accessed in the course of executing an instruction, then the EU informs the BID of 
its needs. The BIU executes an appropriate external access machine cycle in response to the EU 

The Bus Interface Unit (BIU), for its part, is independent of the Execution Unit (EU), and attempts to 
keep the six-byte queue filled with instruction object codes. If two or more of these six bytes are 
empty, then the Bus Interface Unit (BIU) executes instruction fetch machine cycles — providing 
the EU does not have an active request for bus access pending. If the EU issues a request for bus 
access while the BIU is in the middle of an instruction fetch machine cycle, then the BIU will complete the instruction 
fetch machine cycle before honoring the EU bus access request. 

8086 BUS CYCLES 

If we look at the way clock logic is used by the 8086, the term "machine cycle" no longer applies. The EU does 
not use machine cycles; it executes instructions in some number of clock periods that are not subject to any type of 
machine cycle grouping. The only time clock periods are grouped is when the bus control logic wishes to access 
memory or I/O devices. Each external access requires four clock periods. This is the minimum amount of time required 
to handle the normal bus protocol which accompanies any transfer of information between a microprocessor and logic 
beyond the microprocessor. Since this is the only time the 8086 groups clock periods, it is more accurate to talk 
about 8086 bus cycles, rather than machine cycles. 

Figure 20-4 illustrates two 8086 bus cycles executed back-to-back. In common with machine cycles, 8086 bus 
cycles, as illustrated in Figure 20-4 assign individual clock periods to time specific events. 

Memory and I/O device addresses are output on the Data/Address Bus during Ti. 

Data is transferred between the 8086 and memory or I/O devices during Ts and T 4 . If these two clock periods provide 
external logic with insufficient time to respond to an access, then Wait state clock periods (T^) may be inserted bet- 
ween Ta and T 4 . 

T 2 is a buffer clock period during which the Data/Address Bus stops outputting an address and starts outputting or in- 
putting data. 

During T 4 the CPU identifies the status of the next bus cycle or clock period. In simp le co nfigurations when MN/MX is 
tied to $5V, DT/^ is the only external signal that changes state during T 4 . When MN/MX is tied to ground, SO, SI, and 
S2 change state during T 4 . Thus, by examining these three status outputs, external logic knows whether to expect 
another bus cycle, and, if so, what type of bus cycle. 

Now if you look at Figure 20-4, there is very little about it that differentiates an 8086 bus cycle from any other 
microprocessor's machine cycle. The characteristic of the bus cycle which differentiates it from standard 
machine cycles is the fact that bus cycles occur only on demand. 


demand. 


8086 

INSTRUCTION 

QUEUE 


CLK 




Output address 
during TI 
Turn Bus around 
during T2 
Perform memory 
accesses during T3 

Wait state clock 
periods 



In complex systems, 
^/////// status output in T4 

'// ' ///A identifies subsequent 

operations. 


Figure 20-4. Two 8086 Bus Cycles 
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8086 INSTRUCTION QUEUE 

Consider what happens when an instruction is executed. Beginning with the simplest case, the instruction ob- 
ject code queue within the Bus Interface Unit will be empty. When the EU requests an object code byte there is 
none, so the BIU executes a bus cycle which fetches the first byte of the instruction object code: 


CLK 


T1 1 T2 [ T3 j T4 


iWXflfWWv 


t I I 



Bus cycle fetches 
first object code 
byte 


Let US assume that this particular instruction requires two bytes of object code: keeping things simple, we will illustrate 
another instruction cycle executed immediately to fetch the next instruction byte; 


T1 I T2 I T3 ! T4 
I I 




T1 ! T2 1 T3 1 T4 


Bus cycle fetches Bus cycle fetches 
first object code second object 

byte code byte 


Let US suppose that this instruction reads a word of data from memory, then performs an arithmetic operation using 
this data. The instruction is going to require some number of clock periods to compute the effective address for the 
data memory location to be accessed (we will assurrie seven clock periods are needed). Some additional number of 
clock periods will also be needed to perform the arithmetic operation (we will assume nine clock periods). In a normal 
microprocessor, this instruction might be executed as the following sequence of machine cycles: 



Fetch first 
object code 
byte 


Fetch second 
object code 
byte 


Compute data 
memory 
address 


Compute data 
memory 
address 


Fetch data 
from memory 


CLK 


Machine Cycle 6 
T1 ! T2 1 T3 1 T4 


Long Machine Cycle 7 
T1 I T2 I T3 j T4 I T5 


TWUWWWVA/Wl 


Machine Cycle 8 
T1 i T2 I T3 ! T4 


Execute arithmetic operation 
in a standard machine cycle 
and a long machine cycle 


Start executing 
next instruction by 
fetching object 
code byte 
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But the 8086, having asynchronous CPU and Bus Control Unit logic, will use clock periods to execute the instruction il- 
lustrated above as follows: 




EU 


BIU 


The EU uses nine clock periods to 
execute the required arithmetic 
operation. 


The BIU continues executive bus cycies to fill 
the instruction object code queue. 


The EU takes the etc. 
next object code 
byte from the 
BIU queue and 
starts executing the 
next instruction. 

etc. 
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Now, the illustration above is not accurate because, you will recall, the 8086 fetches data in 16-bit increments, provid- 
ing the data address lies on an even-byte boundary. Also, the BIU fetches instruction bytes and loads them into the 
queue only when there are at least two free bytes in the queue. Let us assume that all data does lie on even-byte boun- 
daries. This is how our timing will now look: 


CLK 


EU 


BIU 


© 


BIU The BIU remains idle since only one 

byte of queue is empty. 

There are some important points to note regarding 8086 bus cycle timing. 

Bus cycles are a Bus Interface Unit (BIU) phenomenon. 

So far as the EU logic is concerned, bus cycles do not exist. The EU experiences periods of activity while executing in- 
structions, and periods of inactivity while waiting for instruction object codes or data that the BIU must process via bus 
cycles. Periods of EU activity are timed by a sequence of clock periods. The EU makes no attempt to group clock periods 
into machine cycles, nor do EU clock periods have to occur in any special numeric combinations. 

So far as the BIU is concerned, clock periods are grouped into bus cycles only when data must be transferred to or from 
the 8086. First priority is given to a bus access request coming from the EU. If the EU is not requesting bus access, then 
the BIU executes instruction fetch bus cycles until the queue is full. These are the prerequisites for the BIU to ex- 
ecute an instruction fetch bus cycle: 

1) The clock period which initiates the bus cycle would otherwise be an idle clock period. 

2) The EU does not have an active bus access request pending. 

3) There are at least two bytes empty in the queue. 

If the queue is full, then the BIU ceases to execute bus cycles; as illustrated above, a sequence of idle clock periods oc- 
curs. 




EU asks for an The EU computes a data memory The EU waits for the The EU uses 9 clock periods to execute 

object code byte. address in 7 clock periods. At the requested data to be the arithmetic operation. 

There are none, end of the 7th clock period the fetched by the BCU. 

sotheBIUexe- EU requests bus access, 

cutes a bus cycle. 

BIU fetches two BIU fetches four bytes of object code BIU fetches data The BIU fetches | The BIU is idle, 

bytes of object in two bus cycles and stores them in from memory two more bytes 

code in one bus the queue, which has two empty location addressed of object code and 

cycle. The CPU bytes left. bytheEU. stores them in the 

takes both of queue which is 

them, so the now full, 

queue is imme- 
diately emptied. 
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Note that the CPU may have to wait for bus access. In the illustrations above, the CPU requires seven clock periods 
in order to compute a data memory address. At the end of the seventh clock period, the EU issues a bus access request 
to the BIU. But at this time the BIU is part way through executing an instruction fetch bus cycle. The BIU completes the 
instruction fetch bus cycle, then honors the EU bus access request. 

In the final illustration above, no bus cycle accompanies the beginning of a new instruction's execution. We are assum- 
ing that the next instruction executed has one byte of object code. This object code byte is fetched from the front of the 
queue — which then has just one empty byte. No bus cycle is executed to fetch the instruction object code, since it is 
taken out of the queue. Subsequently, the BIU does not execute an instruction fetch bus cycle since there is only one 
empty byte: there must be at least two empty bytes in the queue before the BIU will execute an instruction fetch bus 
cycle. 

Based on the foregoing discussion of 8086 instruction fetch queuing, we can see that the 8086 has essentially 
eliminated instruction fetch time. The only time the EU will have to wait while the BIU fetches instruction object 
codes is when a Branch-on-Condition instruction causes execution to branch out of the queue sequence, or when (for 
any reason) the memory accesses accompanying an instruction's execution are so dense that the BIU has insufficient 
idle clock periods within which to insert instruction fetch bus cycles. 

8086 MEMORY AND I/O DEVICE READ BUS CYCLE FOR SIMPLE CONFIGURATIONS 

Figure 20-5 shows timing for an 8086 memory read bus cycle when MN/MX equals +5V; that is to say, for the 
minimum mode bus configuration. 



Figure 20-5. 8086 Memory Read Bus Cycle for a Minimum Mode System (MN/MX = -t-5V) 
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The memory or I/O device address is output via the Address Bus BHE during clock period Ti . AD0-AD15 starts floating 
in 12 while turning around internal pin logic so that data can be input during T3 and T4. Address lines A16 through 
A19 are all low when an I/O device adfiress is being output. These address lines output status during l2- T3 and T4. 
Close to the end of T4, A16 through A19 start to float. 

BHE timing follows Address lines A16-A19: that is to say, BHE is output low for the time that A16 through A19 is out- 
putting an address. 

The trailing edge of the high ALE pulse should be used as the "valid address" strobe. If your 8086 configuration 
demultiplexes the Data and Address Busses, then the Address Bus demultiplexing buffers should use the high-to-low 
transition of ALE as their latching strobe. 

Remaining control signals consist of M/IO and RD, which are directed at external memory or I/O devices, plus DT/R and 
DEN, which are directed at bps buffers. 

M/IO differentiates between a memory access and an I/O device access. M/IO will be high for a memory access bus cy- 
cle: it will be low for an I/O device access bus cycle. M/IO will contribute to memory and I/O device select logic when 
memory and I/O devices have similar addresses. 

RD is pulsed low as a memory or I/O device read strobe. The addressed memory device must use this low signal to 
place data on AD0-AD15. 

DT/R and DEN are control signals designed to control bidirectional latched buffers on the Data Bus. DT/R is output low 
for the entire memory or I/O device read bus cycle; it should be used to turn the latched buffers around so that they will 
transmit data to the CPU. DEN subsequently acts as a latching strobe. These two signals have been designed 
specifically to work with the 8286 and 8287 Data Bus transceivers; however, their logic is quite general. 

There is no difference between external timing for an instruction fetch or memory read bus cycle. Given the 
pipelining instruction fetch logic of the 8086, this makes sense. 

The only timing difference between a memory read bus cycle and an I/O device input bus cycle occurs at the 
M/IO signal. This signal will be low for the duration of an I/O input bus cycle, whereas in Figure 20-5 it is shown high 
for the duration of a memory read bus cycle. 

Except for this difference. Figure 20-5 also illustrates I/O input bus cycle timing for a simple 8086 configuration. 

During any simple configuration memory access operation, the following status is output on address lines A16 
through A1 9: 


A19/S6 — Always 0 


A18/S5 — Interrupt enable status 
A17/S4— 0 0 1 1 

A16/S3— 0 1 0 1 



Data segment access 
Code segment access or no access 
Stack segment access 
Extra segment access 


The interrupt enable status appearing on A18 may be used to illuminate an indicator on a control panel, should there 
be one. This indicator will show whether interrupts arp enabled or disabled at any time. This status has no other value. 

S3 and S4 together identify the memory segmen|t which is being accessed. This is not very useful information. 

Even a code segment access cannot be interpreted as an instruction fetch’ since data can be addressed out of the pro- 
gram segment. 

8086 MEMORY OR I/O DEVICE WRITE BUS CYCLE FOR MINIMUM MODE 

Figure 20-6 illustrates tim ing f or an 8086 memory or I/O device vyrite bus cycle when the 8086 is operating in a 
minimum mode with MN/MX tied to +5V. 

Address output logic is identical in rea d and write bus cycles. As was the case for a read bus cycle, the address is out- 
put on the Address Bus, together with BHE, during Ti. External logic should use the high-to-low transition of the ALE 
pulse in order to latch a valid address. During T2, AD0-AD15 switches to outputting data, while A16-A19 outputs 
status. The same status is output in read and write bus cycles. 

M/IO is output high for the duration of a memory write bus cycle; it is output low for the duration of an I/O device write 
bus cycle. 


20-31 



WR is output low beginning early in T2 and ending shortly after T3. Note that RD does not go low for a read bus cycle 
until halfway through T2. 

For an 8286 or 8287 Bus Transceiver, or any similar device. DT/R is output high for the entire duration of the write bus 
cycle. This conditions the device to transmit data from the CPU to external logic. DEN is the chip enable signal provided 
for the bus transceiver. DEN is output high from the end of Ti until the end of T 4 . Note that this high pulse is longer than 
the DEN pulse accompanying a read bus cycle. 



Figure 20-6. 8086 Memory Write Bus Cycle for a Minimum Mode System (MN/MX = +5V) 


An I/O write bus cycle has timing identical to Figure 20-6. except that the M/IO signal will be low for the duration of the 
bus cycle, rather than high as shown in Figure 20-6. Wherever a memory word and an I/O port may have the same ad- 
dress. M/IO must contribute to device select logic in order to discriminate between memory and I/O devices. 

The status output on A16-A19 is no more useful in a write bus cycle than it is in a read bus cycle. 

8086 READ AND WRITE BUS CYCLES FOR MAXIMUM MODE 

It is not very rewarding looking at maximum mode memory or I/O ac cess bus cycle timing, if we look at timing for an 
8086 device on its own. This is because in maximum mode, with MN/MX tied to ground, the 8086 has been designed 
to operate with the 8288 Bus Controller. 

Figures 20-7 and 20-8 provide maximum mode timing for the 8086 on its own when executing read or write bus cy- 
cles. Only the status signal levels differentiate memory or I/O access bus cycles. 

Timing for the Address/Data Bus is identical in minimum and maximum modes. The read strobe RD does not change; 
however, remaining control signals become control inputs to the 8288 Bus Controller. 


20-32 






ADAM OSBORNE & ASSOCIATES. INCORPORATED 


Observe that QSO and QSl change levels on a clock period by clock period basis in order to identify events for in- 
dividual clock periods. SO, SI and S2 hold their levels from shortly before Ti until shortly after the end of T 2 . 



Figure 20-7. 8086 Memory or I/O Read Bus Cycle for a Maximum Mode System (MN/MX = OV) 



Figure 20-8. 8086 Memory or I/O Write Bus Cycle for a Maximum Mode System (MN/MX = OV) 
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The 8288 Bus Controller, described later in this chapter, decodes SO, SI and S2 in order to generate control signals 
which are comparable to those illustrated in Figures 20-5 and 20-6. For a complete discussion of bus cycle timing in 
complex 8086 microcomputer configurations, see the discussion of 8288 Bus Controller. 

THE 8086 WAIT STATE 

8086 Wait state logic is independent of the MN/MX pin connection and the external access bus cycle being ex- 
ecuted. In any bus cycle it is possible to insert one or more Wait clock periods (Tyy) between Ts and T 4 . In order to ex- 
tend a bus cycle with Wait clock periods, external logic must input a low READY signal during Tz of the bus cycle 
which is to be extended. The READY input to the 8086 must be synchronized with the falling edge of CLK at the end of 
Tz: this synchronized READY input is created by the 8284 clock generator. External logic will normally input an 
asynchronous READY to the 8284 clock device, which outputs a synchronous READY for the 8086. Wait clock periods 
will continue to be inserted to the bus cycle until READY goes high again. Timing is illustrated in Figure 20-9. All out- 
put signal levels are maintained for the duration of the Wait state. 

THE 8086 HOLD STATE 

The 8086 can be forced into a Hold state, at which time all three-state signals are floated. The 8086 Hold state 
is used to enable direct memory access logic, and in addition to disable inactive 80986 devices when more than 
one CPU accesses the same System Bus in a multi-CPU configuration. 


CLK 


ROY 


READY 


RDY Is input by external logic to the 8284 clock 

READY is output by the 8284 clock, to be input to the 8086 


Figure 20-9, The 8086 READY Input and Wait States 


In a minimum mode configuration, when MN/MX is tied to -f 5V, the 8086 has a traditional 
Hold request input (HOLD) and a Hold Acknowledge output (HLDA). Upon receiving a high 
HOLD input, the 8086 will complete execution of its current instruction bus cycle before entering 
the Hold state and outputting HLDA high. Timing may be illustrated as follows: 


8086 HOLD 
IN MINIMUM 
MODE SYSTEM 
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The 8086 samples the HOLD input on the low-to-high transition of CLK. Therefore, HOLD must make its transitions 
away from this sampling point: that is to say, HOLD must be stable when CLK is making its low-to-high transition. 

The 8086 will acknowledge the Hold request by outputting HLDA high during any idle clock period, or at the end of a 
bus cycle. If a bus cycle is being executed when a Hold request occurs, the Hold request will not be acknowledged until 
the end of T 4 for the currently executing bus cycle. 

The Hold state will last until the HOLD input goes low again. The 8086 continues to sample the HOLD input on all low- 
to-high transitions of CLK: therefore, HOLD must make its high-to-low transition away from the rising edge of CLK. 
When HOLD goes low, the Hold state will immediately end and HLDA will be output low again. 

In 8086 maximum mode configurations where MN/MX is tied to ground, the HOLD a nd H LDA 
pins convert to bid irectional type control signa ls. Th ere are two bidirectional signals: RQ/GTO and 
RQ/GT1. RO/GTO has higher priority than Rfl/GTI. 

Any ext ernal logic that wishes to put an 8086 CPU into the Hold state transmits a low pulse to 
RQ/GTO or RQ/GT1. The 8086 CPU will acknowledge this Hold request immediately, if a bus cycle is not being ex- 
ecuted, or at the conclusion of a currently executing bus cycle. The 8086 acknowledges the Hold request by outputting 
a low pulse via the same RQ/GT line: simultaneously the 8086 floats its three-state bus lines. External logic must allow 
at least one clock period to elapse following the Hold Acknowledge pulse, before attempting to input via the same pin. 
External logic terminates the Hold state by inputting another low pulse. Timing may be illustrated as follows: 



In the illustration above. @ identifies the instant at which external logic requests a Hold state by inputting a low 
pulse via either RQ/GT line. The 8086 samples RQ/GT on the rising edge of CLK: therefore, all signal transitions on 
RQ/GT must occur away from the CLK low-to-high transitions. 

The 8086 will now acknowledge a Hold request during a bus cycle. If a bus cycle is in progress, then the Hold 
acknowledge will occur at the end of the bus cycle — that is to say, at the end of T 4 . If a bus cycle is not in progress, 
then the Hold request will be acknowledged immediately. In the illustration above, (§) identifies the low pulse which 
the 8086 will output as its Hold acknowledge. The Hold state will last until external logic again inputs a low pulse via 
RQ/GT. This is identified above as @ . Once again the 8086 samples RQ/GT on the rising edge of CLK: therefore, 
RQ/GT should be stable at this time. 

When the 8086 enters the Hold state, it continues executing instructions which it takes out of the pipeline, un- 
til a bus access is required. When the EU requires a bus access, it stops operating until the end of the Hold state — 
at which time its bus access request will be honored by the Bus Interface Unit. 

In the eve nt that Hold requ ests occur simultaneously on RQ/GTO and RQ/GT1, the ack now ledge pulse will be 
output on RQ/GTO. RQ/GT1 will not be acknowledged until the Hold state initiated via RQ/GTO has ended. 

When. one Hold state ends, another Hold state can begin immediately for either of these reasons: 

1) RQ/GT1 was active when RQ/GTO was acknowledged; the RQ/GT1 Hold request, being of lower priority, was 
denied and is pending. 

2) While the 8086 was in a Hold state, a new hold request occurs on the other RQ/GT line. 

If a new hold request occurs while the 8086 i s in Hold state, priorities no longer apply. For example, if the CPU has 
acknow ledg ed a Hold request occurring at RQ/GT1 and is in a Hold state, then it will deny a new Hold request arriving 
via RQ/GTO until the current Hold state has ended. 


8086 HOLD 
IN MAXIMUM 
MODE SYSTEM 
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If there is an active Hold request when the CPU ends a Hold state,, then the CPU will immediately acknowledge the 
pending Hold request. This may be illustrated as follows; 


1 Hold for RQ/GT1 in progress | 



_J 

Hold for RQ/GTO In progress 



Low pulse End RQ/GT1 Hold 

input at and imme diate ly 

RQ/GTO stand RQ/GTO Hold 


When a Hold state ends, if the CPU has a bus access request pending, then the CPU bus access request will be denied 
until all active Hold requests have been acknowledged. 

Note that there are no 8086 instructions that specifically affect the level of RQ/GTO or RQ/GT1. That is to say, external 
logic is entirely responsible for the interfaces to these two signals. 

We will discuss RQ/GTO and RQ/GT1 in more detail later in this chapter when we look at some multiple CPU 8086 con- 
figurations. 

THE 8086 HALT STATE 

The 8086 enters a Halt state after a HALT instruction is executed. In the Halt state no signals are floated, and 
undefined data is output on the Data/Address Bus. No bus cycles can be executed while the 8086 is in the Halt 
state. 

When a Halt instruction is executed, a bus cycle initiates the Halt state. This Halt state initializing bus cycle has 
nothing to do with instruction fetch logic.' If the Halt instruction object code is fetched by the CPU from the queue, then 
there will be no preceding instruction fetch bus cycle. If the Halt instruction must be fetched from memory because the 
queue is empty, or is at the conditional end of a Branch-on-Condition, then the Halt initializing bus cycle will be pre- 
ceded by an instruction fetch bus cycle. 

For a simple system, the HALT initialization bus cycle is given by Figure 20-5, except that RD, M/IO, DT/R and 
DEN are not active. ALE is active, although the address output has no meaning. 


For a compiex system, the HALT initializing bus cycle is illustrated in Figure 20-10. The Halt state combination 
occurring at SO, SI and S2 causes the 8288 Bus Controller to issue an ALE pulse before entering the Halt state: 
however, the occurrence of ALE could not be deduced simply by looking at 8086 timing. 
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The Halt state is terminated by an interrupt request or a Reset. 

You can freely enter and leave a Hold state within an 8086 Halt state via any of the means that we have just de- 
scribed. The fact that the 8086 is in a Halt state in no way modifies Hold logic. 

THE 8086 LOCK 

A potential for serious error exists in the Hoid request/acknowiedge logic of the 8086. 

The 8086 will acknowledge a Hold request occurring on the RQ/GTO or RQ/GT1 lines at the end of the current bus cy- 
cle, if one is being executed, or at the next idle clock period, if a bus cycle is not being executed, The 8086 does not 
wait until the conclusion of the current instruction's execution before acknowledging the Hold request. Therefore, if an 
instruction reads the contents of a memory location (or I/O port), modifies these contents, then writes it back, a Hold 
state may separate the read bus cycle from the write bus cycle: 



This can cause unexpected errors. If the 8086 enters a Hold state after reading memory location X contents and before 
writing these contents back, then it is possible for external logic — either direct memory access logic or another Central 
Processing Unit — to modify the contents of memory location X while the 8086 is in the Hold state. Now when the 
8086 writes back the modified word, it may destroy data which should have been preserved. 

If a 1 6-bit data word lies on an odd-byte boundary, it will require two bus cycles to access the data word. Under normal 
circumstances, a Hold request could be acknowledged between the first and second memory access bus cycles. But 
what if the word being accessed gets modified during the Hold state? If the Hold state splits two memory read bus cy- 
cles, this is what the CPU is going to read: 


7 07 0 



High-order byte Low-order byte . 

was read after Hold was read before Hold 

and is modified and is not modified 


If a Hold State splits two memory write bus cycles, this is what ultimately gets written: 


7 07 0 



High-order byte Low-order byte 

is written after Hold was written before Hold 

and is not modified and gets modified 


You use the 8086 LOCK instruction in order to prevent the types of errors described above. 

When a LOCK instruction is executed, the LOCK signal is output high for the duration of the next sequential in- 
struction's execution. Aiso, whiie the next sequential instruction is being executed, a Hold request will not be 
acknowledged. 

You cannot extend protection against a Hold acknowledge beyond a single instruction's execution. For example, sup- 
pose you have two instructions, each of which is preceded by a Lock: 


LOCK 


AND 

MEMX, AX 

LOCK 


OR 

MEMX, BX 


In the instruction sequence above, MEMX is a label which represents the address of a memory location. The contents of 
this memory location are ANDed with a mask stored in AX, then ORed with a mask stored in BX. The contents of MEMX 
are read, modified, and written back at each step. 

Now, you may wish to inhibit Hold logic for both the AND and the OR operation. You cannot do so using the LOCK in- 
struction. The first LOCK instruction will protect the following AND instruction from being interrupted by a Hold state; 
however, any pending Hold state will be acknowledged before the second LOCK instruction is executed. 

Each Lock instruction extends protection against a Hold Acknowledge for the duration of the next sequential instruc- 
tion only. The fact that the following insturction is also a Lock is irrelevant. The second Lock instruction will be the first 
instruction executed following the Hold state, and it will guarantee that no new Hold state begins until it, and the OR 
instruction, have both been executed. 
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You can use the LOCK instruction and signal to identify individual instruction execution 
times. If for any reason external logic needs to know the execution time for certain instructions, 
then by preceding these instructions with a LOCK instruction you will generate a high pulse on 
the LOCK output. The width of this high pulse exactly equals the execution time of the instruction 
which follows the LOCK. 

THE 8086 PROCESSOR WAIT FOR TEST STATE 

The 8086 has a program-initiated Wait state which external logic must terminate via the TEST input signal. The 

WAIT instruction initiates this Wait state. After the WAIT instruction is'executed, the 8086 ge nerates an endless se- 
quence of idle clock periods. This sequence lasts until external logic inputs a low signal at the TEST input. 

While the endless sequence of idle clock pulses is being executed, the System Bus is not floated and the Bus Interface 
Unit may execute memory read bus cycles in order to fill up the instruction object code queue. 

The processor Wait state can be used to synchronize an 8086 with any external time sequence. For example, you 
could start two programs, executing in two separate 808 6 syst ems, at exactly the same time, by preceding each pro- 
gram with a Wait instruction. If both 8086's receive low TEST inputs simultaneously, then both microprocessors will 
start executing their programs at the same instant. 

THE 8086 PROCESSOR ESCAPE 

The 8086 has a special escape instruction (ESC) intended for use in multi-CPU configurations. When the ESC instruc- 
tion is executed, the contents of an addressed memory location are input to the CPU, but the input data is not 
stored anywhere. The purpose of the ESC instruction is to place the addressed data on the Data/Address Bus so that 
any other microprocessor (or external logic) connected to the Data/Address Bus can receive the data. 

We will examine the value of the ESC instruction later in the chapter when looking at the 8086 in multiple CPU 
configurations. 

THE 8086 RESET OPERATION 

The 8086 has an asynchronous Reset input. This signal can be input high at any time in order to reset the 8086. 
The high RESET must be at least four clock cycles long. 

The 8086 terminates all current operations as soon as the RESET input makes a low-to-high transition. Nothing 
more happens until the RESET signal subsequently makes a high-to-low transition. It then takes approximately 
ten clock periods in order to execute the following operations: 

1) The Status register is cleared. Among other things, this resets the interrupt enable flag to 0, thus disabling inter- 
rupts. 

2) The CS Segment register is set to FFFFie. 

3) The DS, SS and ES Segment registers and the Program Counter are all reset to 0. 

4) Program execution begins. Since the CS Segment register contains FFFFie and the Program Counter contains 0, 
the first instruction executed is taken from memory location FFFFOie. 

8086 INTERRUPT PROCESSING 

The 8086 allows interrupts to originate in one of three ways: 

1) From software or within program logic. 

2) From external logic as a non-maskable interrupt. 

3) From external logic as a maskable interrupt. 

There is, in addition, a special "single step" condition that makes use of interrupt logic. We will describe single step- 
ping after our discussion of interrupt logic. 

In the event that two or more of the three interrupt types occur simultaneously, software generated 
highest priority and maskable interrupts have the lowest priority. 


These are the ways in which a software interrupt request may occur: 

1) Following an attempt to divide by 0. A special divide by 0 interrupt request will occur any 
time the divide instruction is executed with a 0 dividend. 

2) Following execution of an Interrupt instruction (INT). 

3) Following execution of an Interrupt-on-Overflow instruction (INTO) — if the Overflow status is 
set. 


interrupts have the 


8086 

SOFTWARE 

INTERRUPTS 


8086 SINGLE 

INSTRUCTION 

TIME 

IDENTIFIED 
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A non-maskable interrupt request is initiated when external logic inputs a low-to-high tran- 8086 NON- 
sition at the IMMI pin. This is an edge-triggered signal. A non-maskable interrupt has lower MASKABLE 
priority than a software interrupt but higher priority than a maskable interrupt INTERRUPT 

A maskable interrupt request will be generated when external logic inputs a high level at 8086 

the INTR pin. This input is level sensitive; it is the high level at INTR that causes the interrupt re- MASKABLE 

quests to occur. INTERRUPT 

Central to all 8086 interrupt processing is a Vector table that can be up to 1024 bytes in 8086 

length, occupying absolute memory addresses 00000 through OOOFFis. This Vector table consists INTERRUPT 

of up to 256 four-byte entries. Each entry contains two 1 6-bit addresses which get loaded into the VECTOR 

CS Segment register and the Program Counter. TABLE 

Figure 20-1 1 illustrates tl]e 8086 Interrupt Vector table. 

Interrupt 
Memory Vector 

Addresses Table 



Figure 20-11. 8086 Interrupt Vector 
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A number of the Vector table entries serve specific interrupts. Other entries are reserved by Intel and should be 
avoided if compatibility with Intel software is desired. These entries are identified in Figure 20-11. As illustr- 
ated in Figure 20-1 1 , 32 of the 256 interrupt vectors are not available to external logic; that leaves 224 vectors 
available to maskable external interrupts — which is plenty. 

Taking each of the three interrupt types in turn, let us examine the interrupt acknowledge 
When any of the software interrupts are acknowledged, the following steps occur: 

1) The Status register contents are pushed onto the Stack: Stack Pointer contents, in conse- 
quence, are decremented by two. 

2) The Interrupt and Test status flags are cleared: this enables maskable interrupts and single 
step logic (which we describe after our discussion of interrupt logic). 

3) The CS Segment register contents are pushed onto the stack: Stack Pointer contents, in con- 
sequence, are decremented by two. 

4) The new CS Segment register contents are taken from the appropriate interrupt vector location. With the excep- 
tion of the INT instruction, software-generated interrupts have dedicated vector locations as illustrated in Figure 
20-1 1. The INT instruction allows any one of the 256 vector locations to be selected: a default option selects Vec- 
tor 3. 

5) The Program Counter contents are pushed onto the Stack: Stack Pointer contents are decremented by two. 

6) The new Program Counter contents are taken from the interrupt vector. 

When a non-maskable interrupt is acknowledged, the following events occur: 

1 ) The Status register contents are pushed onto the Stack. The Stack Pointer contents are decre- 
mented by two. 


8086 NON- 
MASKABLE 
INTERRUPT 


process. 

8086 

SOFTWARE 

INTERRUPT 


2) The Interrupt and Test statuses are reset to 0: this disables non-maskable interrupts and 
single stepiping mode. 


3) The CS Segment register and Program Counter are reloaded from Interrupt Vector 2. See 
Figure 20-11. 

When a maskable interrupt is acknowledged, the following steps occur: 

1) Two interrupt acknowledge bus cycles are executed by the Bus Interface Unit of the 8086. An 
interrupt acknowledge bus cycle is identical to the memory read bus cycles, as illustrated in 
Figures 20-5 and 20-7, with the exception that an interru pt ac knowledge low pulse replaces 
the memory read low pulse. For a minimum mode system, INTA will provide the low RD pulse 
shown in Figure 20-5. Figure 20-7 accurately illustrates timing for an interrupt acknowledge 
bus cycle in a maximum mode system: however. SO. SI and S2 will all be output low, iden- 
tifying an interrupt acknowledge, whereas a read I/O port or read memory status combination 
would be output otherwise. 


8086 

MASKABLE 

INTERRUPT 


2) The acknowledged external device must send back a byte of data on lines AD0-AD7 in 
response to the second interrupt acknowledge bus cycle. This data byte is interpreted as a 
pointer into the interrupt vector. Multiplying this 8-bit value by 4 creates the correct begin- 
ning address for the interrupt vector. 


3) The Status register contents are pushed onto the Stack. 

4) The Interrupt and Test flags in the Status register are cleared. This disables further maskable interrupts and single 
step logic. 


5) The CS Segment register contents are pushed onto the Stack. 

6) The next CS Segment register contents are taken from the interrupt vector location identified in Step 2. 

7) The Program Counter contents are pushed onto the Stack. 

8) The new Program Counter contents are taken from the interrupt vector location identified in Step 2. 

9) The first instruction of the interrupt routine is fetched using the new PC and CS. 


It takes 60 clock periods to complete the nine interrupt acknowledge steps listed above. 
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You should use the IRET instruction to exit any interrupt service routine. This instruction 
restores Program Counter, CS Segment register, and Status regjster contents from the 
Stack. 

SINGLE STEPPING MODE 

When the T status bit is set to 1 , the 8086 operates in single stepping mode. In the single stepping mode the 8086 
executes a software interrupt after each instruction's execution. The software interrupt vectors through Location 1 of 
the interrupt vector table, as illustrated in Figure 20-11. 

Since the process of acknowledging an interrupt resets the TF flag, the single stepping mode will cease to exist once 
the interrupt service routine identified by Vector 1 is executed. But since the Status register contents prior to the inter- 
rupt acknowledge are saved on the Stack and are restored when a return from interrupt instruction is executed, single 
stepping mode will be restored as soon as the interrupt service routine corresponding to Interrupt Vector 1 concludes 
execution. Interrupt Vector 1 should therefore vector to a debug routine. Any user program executed in the single step 
mode will now execute instructions one at a time, branching to the debug program following execution of each instruc- 
tion. 

A particularly pleasing aspect of the 8086 single step mode is the fact that it can cope with interrupt logic. Fre- 
quently, microprocessor programs cannot be debugged once interrupt logic is introduced. In the case of the 8086, the 
interrupt acknowledge process automatically takes the 8086 ou| of the single step mode. You can insert instructions 
into any interrupt service routine in order to restore single stepping mode for that particular interrupt service routine. 
Thus, you have the option of executing any program or interrupt service routine in single step mode, without impacting 
any other program or interrupt service routine. 

THE 8086 INSTRUCTION SET 

The 8086 instruction set is summarized in Table 20-4. When compared to other microprocessor instruction sets, the 
8086 instruction set might appear quite large. If you look at Table 20-4, you will see that a single instruction mnemonic 
may appear many times. In reality, these are variations of the same instruction. We show the variations of a single in- 
struction as though they were separate iristructions in order to make this description of the 8086 instruction set consis- 
tent with similar tables for other microprocessors. 

The two I/O instructions, IN and OUT, become eight instructions because each has two sets of options. 

Each I/O instruction can access 1 6-bit words or 8-bit bytes. In each case, the instruction may have a short addressing 
range or a long addressing range. The short addressing range instruction requires two bytes of object code and can ac- 
cess one of the first 256 I/O port addresses. The I/O address is specified in the second object code byte. The long-range 
I/O instructions occupy only one byte of object code; however, register DX provides t[ie I/O port address — which can 
therefore range between 0 and 65,536io. 

Primary memory reference Instructions, and memory reference instructions in general, all have byte and word 
versions. In Table 20-4, the data memory location accessed is identified by the operand iabel DADDR. Because 
data memory reference instructions may or may not include a displacemen|, the object code may be two, three, or four 
bytes long, as defined in Table 20-5. 

By preceding any data memory reference instruction with the SEG instruction, you can force the data memory 
reference to access a segment other than the data segment. Here, for example, are the two instructions that load a byte 
of data from the extra segment to Register AL, using direct, indexed addressing: 

SEG ES Select extra segment 

MOV AL. (Dl) ADDR Load data word from extra segment 

The LEA and LES instructions are unusual in that they load a memory address, rather than the contents of a memory 
location, into an identified 16-bit register. For the LEA instruction, this may be illustrated as follows: 


8086 

INTERRUPT 

RETURN 


LEA AX,{DI) ADDR 
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In the illustration above, RRRRP represents a five hexadecimal digit data memory address — the actual location which 
will be accessed. This address is the sum of QQQQO, the DS Segment register contents, and PPPP, the operand ad- 
dress. The LEA instruction loads the operand address PPPP into the identified 16-bit register. 

The LES instruction serves primarily to initialize the address register for string operations. As discussed earlier in this 
chapter, string instructions access the extra segment via the D1 and SI Index registers. 

The XLAT instruction is designed for table look-ups. An obvious application for an XLAT instruction would be to 
convert between ASCII arid EBCDIC character codes. EBCDIC character codes being input could be translated into 
ASCII character codes, prior to being stored in memory, via the following instruction sequence: 


LABEL 

IN 

PORTS 

Input an EBCDIC code 


XLAT 


Convert to ASCII 


STOB 

AL 

Store in memory 


LOOP 

LABEL 

Return for next byte if there is one 


The instruction sequence above inputs character codes from I/O Port 5. These are assumed to be EBCDIC codes which 
arrive at the AL register. The XLAT instruction uses each EBCDIC code as an index into a conversion table whose base 
address is assumed held in the BX register. Part of this conversion table may be illustrated as follows: 


Memory 



These bytes not used by the table, 
can be used in other ways 


Equivalent ASCII character codes 


After the XLAT instruction has executed, the ASCII version of the input EBCDIC code will be in the AL register. The 
STOB instruction stores this ASCII code in the Extra Segment memory location addressed by the Dl register; the Dl 
register contents are then incremented so that on the next pass of the iterative loop it addresses the next free memory 
byte in the Extra Segment table. 

The LOOP instruction decrements the CX register and branches back to the IN instruction if the CX register contents 
are not zero. 
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Secondary memory reference instructions occur in four versions. Each instruction may access a memory byte or a 
memory word: in either case, the result of the operation may be returned to a register, or to the memory word from 
which one operand was fetched. 

Note carefully that the Subtract instruction inverts the Carry status. 

The following numeric options are available with Add, Subtract, Multiply and Divide instructions: 


Operation 

Unsigned Binary 

Signed Binary 

Packed Decimal 

Unpacked Decimal 

8-bit 

16-bit 

8-bit 

16-bit 

2 digit 

4 digit 

1 digit 

2 digit 

Add 

X 

X 

X 

X 

X 


X 


Subtract 

X 

X 

X 

X 

X 


X 


Multiply 

X 

X 

X 

X 



X 


Divide 

X 

X 

X 

X 



X 



Let us first look at addition and subtraction. 

Little needs to be said about signed and unsigned binary addition or subtraction; these are standard operations de- 
scribed in Volume 1. The only point to note is that the 8086 Subtract instructions invert the Carry status. 

Packed binary coded decimal (BCD) addition and subtraction are also quite standard in that 
they closely follow the log|c described in Volume 1. However, like the 8080A, the 8086 
uses Decimal Adjust instructions to handle packed binary coded decimal data. 

When you add two packed binary coded decimal numbers, it is assumed that the two numbers are indeed valid packed 
binary coded decimal data. The sum, which will not initially be a valid packed binary coded decimal number, is con- 
verted into one by the DAA instruction. This may be illustrated as follows: 

ADD AL. BL Add BCD data in BL to AL 
DAA Decimal adjust result 

Note that you can only add bytes, and AL must be the destination when adding packed BCD data. 

Using abbreviations of Table 20-4, DAA instruction logjc rnay be summarized as follows: 

If (AL) AND OFi 6 is greater than OQig, or if (AF) = 1 , then: 

(AL) ■<- (AL) + 06i6 
(AF)<- 1 

If (AL) is greater than 9 Fi 6 or if (CF) = 1 , then; 

(AL)-^(AL) + 60i6 
(CF) 1 

If one of the numbers being added is not a valid packed binary coded decimal number, then no error indication is given, 
but the answer will be wrong. For example, there is nothing to stop you from adding 1 Fis to ABis and then executing 
the DAA instruction to modify the sum: however, the result will be meaningless. 

When you subtract packed binary coded decimal numbers, once again it is assumed that the 
subtrahend and minuend are both valid packed binjary coded decimal numbers. The difference 
will initially be meaningless: however, executing the DAS instruction generates a valid packed 
binary coded decimal result. This may be illustrated as follovys: *■ ’ 

SBB AL BL 

DAS 


Q086 BCD 
SUBTRACT 


8086 BCD 
ADDITiON 
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Once again you must subtract bytes, and the difference must be returned to the AL register. 

Using abbreviations of Table 20-4. DAS instruction logic may be summarized as follows: 

If (AL) AND OFi 6 is greater than 09i6, or (AF) = 1 , then: 

(AL) •«- (AL) -06i6 
(AF) 4-1 

If (AL) is greater than 9 Fj 6, or (CF) = 1, then: 

(AL)4-(aL)-60i6 

(CF)-<-1 

When you subtract packed binary coded decimal numbers and generate a negative result, the Carry status will be 0 (as 
is the case for binary subtraction) but the numeric negative difference will be a tens complement number rather than a 
twos complement number. Refer to Volume 1 for details. 

Ypu can also add and subtract unpacked binary coded decimal numbers. These numbers may occupy the low-order 
four bits of a byte, leaving the high-order four bits empty; " 


0 

o 

o 

o 

□ 

□ 

□ 

□ 



0 

0 

0 

0 


through 
10 0 1 

Or you may add and subtract ASCII characters. An ASCII character contains the binary coded decimal digit in the low- 
order four bits and 001 1 in the high-order four bits. 

yvhen you add unpacked binary coded decimal (BCD) digits, it is assumed that the two numbers being added are in- 
deed valid ASCII characters or unpacked BCD digits. The sum Is initially meaningless; hovyever, after executing 
the AAA instruction it is converted into one or two valid unpacked binary coded decimal digits. Note carefully 
that the AAA instruction does not generate ASCII characters; it generates one binary coded decimal digit per byte — 
which the four high-order bits zero. AAA instruction operations may be illustrated as follows: 

If (AL) AND OFis is greater than 09i6 or (AF) = 1 , then: 

(AL) ■«- (AL) + 06i6 
(AH) ■^(AH)+ 1 
(AF) 


Unconditionally; 

(AL)-<-(AL) AND OF, 6 
(CF) <-(AF) 

Note that AH is incremented if the sum in AX is more than 09i6, since 09,6 is the highest one-byte unpacked BCD value 
that is legal 

When you subtract unpacked binary coded decimal numbers, you can subtract ASCII characters or. bytes which 
have the four high-order bits blank. It makes no difference which option you choose: if you subtract two ASCII 
characters you will'cancel out the four high-order bits — which are identical anyway. 

Assuming that the sybtrahend and minuend are initially valid unpacked binary coded decimal numbers, the difference, 
which initially is meaningless, will be converted into one or fwo valid unpacked binary coded decimal digits by execut- 
ing the AAS instruction. This may be illustrated as follows: 

SUB AL. BL 

AAS 
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AAS instruction operations may be summarized as follows: 


If (AL) AND OFi 6 is greater than 09i6 or (AF) = 1 then: 
(AL)-<-(AL)-6 
(AH) -<-(AH)- 1 
(AF)*(-1 


Unconditionally: 

(CF)-(-(AF) 

(AL) ■«- (AL) AND OF,6 


If you generate a negative result when subtracting unpacked binary coded decimal numbers, the Carry status will be 
zero and the answer will be in its tens complement form. 

You can multiply unpacked binary coded decimal numbers, but not packed binary coded 
decimal numbers. The multiplier and multiplicand must each be one byte long, with a single bin- 
ary coded decimal digit in the low-order four bits and 0000 in the high-order four bits. Consider 
the multiplication 7x8 = 56io. The instruction sequence: 


8086 BCD 
MULTIPLI- 
CATION 


MUL 

AAM 


results in these register contents' changes: 


Before 


0 0 

0 7 


0 8 


AL. BL 


After 


0 5 

1 0 6 


0 8 


Assuming that the multiplier and multiplicand are valid, as illustrated above, the product will initially be meaningless. 
However, after executing the AAM instruction, a valid two-digit product will be generated, with the high-order digit in 
the AH register and the low-order digit in the AL register. 


AAM instruction logic is, in fact, quite simple. It may be illustrated as follows: 


(AH) (AL) / OAi 6 (/ means "divided by") 

(AL) ■<- (AL) modulo OA 16 

Consider again 7x8 = 56io. This is initially computed as 7 x 8 = 38i6: therefore, AH contains 00 and AL contains 38 — 
before the AAM instruction is executed. 


(AL)/OAi6 = 5 

Therefore. 05 is loaded into AH. "Modulo" is the remainder after division; therefore (AL) modulo OAie is the remainder 
following (ALl/OAie; it is 6. which is loaded into AL. 

Binary coded decimal multiplication does not take sign into account. It is up to your program logic to keep track of the 
sign. 

Binary coded decimal division, like multiplication, works only with unpacked binary coded 
decimal data. However, you must execute the AAD instruction before the DIV instruction in order 
to generate a valid unpacked binary coded decimal answer. This may be illustrated as follows: 

AAD 

DIV AX. BL 

The AAD instruction takes the dividend, which we assume to be a valid unpacked binary coded decimal number in 
the AX register, and packs it into the AL register as follows: 

(AL)-«-(AH)*OAi6+(AL) 

(AH)-«-0 

Consider the reverse of our multiplication examples: 

56/8 = 7 


8086 BCD 
DIVISION 
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Initially, AH contains 05 and AL contains 06. After the AAD instruction is executed, AL contains: 

05i6 * OAi6 + 06i6 

which is 38i6. Thus the DIV instruction can perform a pure binary division. 

The 8086 allows you to shift and rotate the contents of memory bytes or words. This is very useful since it allows 
counters and masks to be held in memory, rather than in CPU registers as is the usual case. 

Immediate instructions allow immediate data to be loaded into registers or memory locations. When loading im- 
mediate data into memory locations, you can generate 3, 4, 5 or 6 byte instruction object codes, depending on the 
length of the immediate data and the addressing options. See Table 20-5 for details. 

The Loop instructions are, in fact, variations of the multi-byte, string-handling 8086 capability. These instructions allow 
you to set up a counter in the CX register, which is decremented in order to identify the number of iterations for any in- 
struction loop. This may be illustrated as follows for the 8080A and the 8086: 

8080A 8086 

MVI C, COUNT MOV CX, DATA 

NEXT - NEXT 


Initialize counter 
^ Repeated instructions 


DCR C 
JN2 NEXT 


LOOP NEXT 


Count and loop logic 


Jump-on-Condition instructions are limited in that they all provide an 8-bit signed binary displacement. Thus, you are 
limited to jumping within a 256-byte program relative memory page. 

Jump-on-Condition instructions are confusing at the best of times, (because status combinations determine whether a 
jump will or will not occur. This is not very interesting information to you as a programmer. It is much easier to jump 
based on signed and unsigned binary numbers being less than, greater than, or equal to each other. Table 20-2 
therefore summarizes the way in which you should use 8086 Jump-on-Condition instructions. This table is similar 
to the table on page 7-29 of Volume 1 ; however, the Carry status is inverted, since the 8086 Subtract instruction in- 
verts the Carry status. 

The way the 8086 creates Block Transfer and Search instructions is interesting. You begin with a set of instruc- 
tions, each of which performs a single operation. Each of these instructions can be made to repeat some number 
of times by preceding the instruction with a repeat (REP). For example, the MOVW instruction, executed on its 
own, vvill move one 16-bit word of data from a source memory location to a destination memory location, using Data 
Segment and Extra Segment addressing as follows: 


Memory 



Origin of extra segment 
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Table 20-2. 8086 Branch-on-Condition Instructions 


BRANCH CONDITION 

STATUS CONDITIONS 

1 8086 INSTRUCTION 

Unsigned branch on less than or equal 

. C = 1 or Z = 1 

JBE, JNA 


Unsigned branch on less 

C= 1 

JB, JNAE 


Unsigned branch on equal 

Z= 1 

JE, JZ 

^ a 

Unsigned branch on not equal 

Z = 0 

JNE, JNZ 

o 8 

Unsigned branch on greater 

C = 0 or Z = 0 

JA, JNBE 

« ^ 

Unsigned branch on greater than or equal 

C = 0 

JAE, JNB 

c ° 
o X) 

Signed branch on less than or equal 

Z = 1 orS XOR 0= 1 

JLE, JNG 

■*- CD 

U ^ 

Signed branch on less 

S XOR 0= 1 

JL, JNGE 

S ^ 

Vi ^ 

Signed branch on equal 

Z= 1 

JE, JZ 

.S (D 

Signed branch on not equal 

Z = 0 

JNE, JNZ 


Signed branch on greater 

Z = OorS XOR 0=0 

JG, JNLE 

jE^ 

Signed branch on greater than or equal 

S XOR 0 = 0 

JGE, JNL 


Branch on counter decrement to zero 


JCXZ 

— -C 

Branch on no overflow 

o= 0 

JNO 

^ TO c 

Branch on overflow 

0= 1 

JO 

Q> o O 

o> 

Branch on even parity 

P= 1 

JP, JPE 

Q) to ^ 

Branch on odd parity 

P = 0 

JNP, JPO 

K « 5 

Branch on positive 

S= 0 

JNS 

0) 3 

.C CD 

Branch on negative 

S= 1 

JS 

H Vi 


after a subtract or compare 



















When a Block Transfer or Search instruction is executed, the Program Counter contains the address of the prior 
instruction until it and the Block Transfer or Search instruction has completed executing. For example, when the 
REP and MOVW instruction pair executes, the Program Counter keeps pointing to the REP instruction as follows: 

REP PC points here until end of block move 
MOVW 

Only after the MOVW instruction has executed the number of times specified by the repeat will the Program Counter 
advance to the instruction following MOVW. This little piece of logic is designed to protect repeat instructions dur- 
ing interrupts. Interrupts are not locked out for the duration of a repeat instruction's execution; that would create in- 
tolerable delays between an interrupt request and acknowledge. Providing interrupts are enabled, an interrupt request 
can be acknowledged at any time during a repeat loop. Within the interrupt service routine, it is only necessary that 
you save the contents of the SI, Dl, and CX registers in order to preserve the repeat loop logic. When you return from 
the interrupt, the Program Counter is pointing the REP instruction which picks up where it left off, using the restored 
contents of the SI, Dl, and CX registers. 

A problem arises if you precede a Block Transfer or Search instruction with more than one single prefix. Sup- 
pose, for exampie, you have a LOCK and a REP instruction preceding an MOVW: 

REP 
LOCK . 

MOVW 

The LOCK must directly precede MOVW; otherwise, it would protect REP against a Hold. 

The Program Counter points to the LOCK instruction, not the REP instruction, while the MOVW repeatedly executes the 
specified number of times. If at some point an interrupt request is acknowledged, then after the interrupt service 
routine completes execution you will return to the LOCK instruction, not the REP. This will cause the MOVW instruc- 
tion to be executed once more, rather than the number of times remaining in the repeat loop, as specified by the 
CX register contents and the REP instruction. Thus, if both prefixes must be used, then interrupts should be dis- 
abled. 

8086 — 8080A INSTRUCTION COMPATIBILITY 

As we have already stated, the 8086 instruction set is upward compatible with the 8080A at the source pro- 
gram level. That is, every 8080A instruction can be converted to one or more 8086 instructions. Table 20-6 
identifies the source program conversions recommended by Intel. These are by no means the only conversions 
which are possible, but they are the ones you should use, since they are the ones that Intel plans to support. 

THE BENCHMARK PROGRAM 

The 8086 makes short work of our Benchmark program, which is well suited to the 8086 block transfer instruction. 
We assume that the I/O buffer and the table being filled both lie within single 65,536-byte program segments. The dis- 
placement to the beginning of the I/O buffer is loaded into the SI Index register, while the displacement to the first free 
byte of the data table is loaded into the Dl Index register. Our Benchmark program now consists of these few in- 
structions: 


MOV 

SI, lOBUF 

Load I/O Buffer base address displacement in SI 

LES 

Dl, ADDR' 

Load Data table starting address in ES and displacement to first free byte in Dl 

MOV 

CX, COUNT 

Load word count into CX 

REP 




MOVW 

MOV ADDR, Dl 


Move the data block 

Return new address of first free table byte 
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The following abbreviations are used in Table 20-4: 


AH 

AL 

AL7 

AX 

AX15 

BH 

BL 

BRANCH 

BX 

C 

CH 

CL 

CS 

CX 

DADDR 
DATAB 
DATA 16 
DH 
Dl 

DISP 

DISP8 

DL 

DS 

DX 

EA 

ES 

I 

I/D 

LABEL 

N 

0 

OEA 


PC 

PDX 

PORT 

RB 

RBD 

RBS 

RW 

RWD 

RWS 

SEGM 

SFR 

SI 

SP 

SR 

SS 

U 

V 

X 

[[ ]] 

[ ] 


Accumulator, high-order byte 
Accumulator, low-order byte 

The value of register AL high-order bit (0 or 1) extended to a byte (OOia or FFis) 

Accumulator, both bytes 

The value of register AH high-order bit (0 or 1) extended to a 16-bit word (OOOOis or FFFFie) 

B register, high-order byte 
B register, low-order byte 

Program memory direct address, used in Branch addressing option shown in Tables 20-1 and 20-2 
B register, both bytes 
Carry status 

C register, high-order byte 
C register, low-order byte 
Code Segment register 
C register, both bytes 

Data memory address operands identified in Table 20-2 

Eight bits of immediate data 

16 bits of immediate data 

D register, high-order byte 

Destination Index register 

An 8-bit or 16-bit signed displacement 

An 8-bit signed displacement 

D register, low-order byte 

Data Segment register 

D register, both bytes 

Effective data memory address using any of the memory addressing options identified in Table 20-2 
Extra Segment register 
Status flag set to 1 

Increment/decrement selector for string operations: increment if D is 0, decrement if D is 1 
Direct data memory address, as identified in Table 20-2 
A binary digit (0 or 1) 

Status flag reset to 0 

Offset data memory address used to compute EA: 

EA = OEA + [DS] * 1 6 
Program Counter 

I/O port addressed by DX register contents; port number can range from 0 through 65,536 

A label identifying an I/O port number in the range 0 through 255io 

Any one of the eight byte registers: AH. AL, BH, BL, CH, CL, DH or DL 

Any RB register as a destination 

Any RB register as a source 

Any one of the eight 16-bit registers: AX, BX, CX, DX, SP, BP, SI or Dl 
Any RW register as a destination 
Any RW register as a source 

Label identifying a 16-bit value loaded into the CS Segment register to execute a segment jump 
Status Flags register 
Source Index register 
Stack Pointer 

Any one of the Segment registers CS, DS, ES or SS 

Stack Segment register 

Status flag modified, but undefined 

Any number in the range 0 through 255 jo 

Status flag modified to reflect result 

Contents of the memory location addressed by the contents of the location enclosed in the double 
brackets 

The contents of the location enclosed in the brackets 

Data on the right-hand side of the arrow is moved to the location on the left-hand side of the arrow 

Contents of locations on each side of are exchanged 

The twos complement of the value under the — 

Not equal to 
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Table 20-3. A Summary of Intel 8086 Memory Addressing Options Identified by the EA Abbreviations in Table 20-3 



* The segment override allows DS or SS to be replaced by one of the other segment registers 
X These are displacements that can be used to compute memory addresses. 

X/ Shaded rows apply to EA and DADDR. 

Shaded row applies to EA and LABEL. 
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Table 20-4. The 8086 Instruction Set Summary 


TYPE MNEMONIC OPERANDIS) 


O D I T S Z A P C 


OPERATION PERFORMED 



lAL) [PORT] 

Load one byte of data from I/O port PORT into AL 
[ALl [PDX] 

Load into AL one byte of data from I/O port whose address is held in the OX register 
[ALl [PORT] . [AH] *- [PORT-i-1] 

Load 16 bits of data into AX. AL receives data fr 9 m I/O port PORT, AH receives data from 
I/O port PORT+1 
[AL] ^ [PDX] , [AH] - [PDX+1] 

Load 16 bits of data into AX. ALreceives data from I/O port whose address is held in the OX 
register. AH receives data from-the I/O port whose address is one higher 
[PORT] [AL] 

Output one byte of data from register AL to I/O port PORT 
[PDX] ■►- [AL] 

Output one byte of data from.register AL to the I/O port whose address is held in the DX 
register 

[PORT] [AL] . [PORT+1] ■‘-AH 

Output 16 bits of data. The AL register contents are output to I/O port PORT. The AH 
register contents are output to I/O port PORT+1 
[PORT] [PDX] . [PORT+1] [PDX+1] 

Output 16 bits of data. The AL register contents are output to the I/O port whose address is 
held in the DX register. The AH register contents is output to the I/O port whose address is 
one higher 


[RW] [EA] , [DS] [EA+2] 

Load 16 bits of data from the memory word addressed by DADDR into register RW. Load 16 

bits of data from the next sequential memory word into the DS register 
[RW] •‘-OEA 

Load into RW the 1 6-bit address displacement which, when added to the segment register 

contents, creates the effective data memory address 
[RW] [EA] . [ES] ^ [EA+2] 

Load 16 bits of data from the memory word addressed by DADDR into register RW. Load 16 

bits of data from the next sequential memory word into the ES register 
[RB] ^ [EA] 

Load one byte of data from the data memory location addressed by DADDR to register RB 
[RW] ^ [EA] 

Load 16 bits of data from the data memory word addressed by DADDR to register RW 
[EA] ■‘-[RB] 

Store ihe data byte from register RB in the memory byte addressed by DADDR 
[EA] ■‘- [RW] 

Store the 16-bit data word from register RW in the memory word addressed by DADDR 
[AL] ■‘- [EA] 

Load the data memory byte directly addressed by LABEL into register AL 
[AX] ■^ [EA] 

Load the 16-bit data memory word directly addressed by LABEL into register AX 
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Table 20-4. The 8086 Instruction Set Summary (Continued) 







STATUSES 




TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 







OP.ERATION PERFORMED 

O 

o 

1 

T 

S 

z 

A 

p 

c 







MOV 

LABEL,AL 

3 










[EAl - (ALl 














Store the 8-bit contents of register AL into the data memory byte directly addressed by 

LABEL 

LU 

MOV 

LABEL, AX 

3 










(EAl - (AX) 

2 













Store the 16-bit contents of register AX into the data memory word directly addressed by 

cc 













LABEL 

liJ 

u. 

MOV 

SR.DADDR 

2, 3 or 4 










[SR] - [EA] 

UJ 













Load into Segment register SR the contents of the 16-bit memory word addressed by DADDR 

> 

MOV 

DADDR,SR 

2, 3 or 4 










[EAl - (SRl 

cc 

o 













Store the contents of Segment register SR in the 1 6-bit memory location addressed by 

s 













DADDR 


XCHG 

RB.DADDR 

2, 3 or 4 










[RBl « [EAl 

>• 













Exchange a byte of data between register RB and the data memory location addressed by 

< 













DADDR 

s 

XCHG 

RW.DADDR 

2, 3 or 4 










[RWl « [EAl 

CC 

a. 













Exchange 16 bits of data between register RW and the data memory location addressed by 
DADDR 


XL AT 


1 










[ALl [[AL] -t [BXll 














Load into AL the data byte stored in the memory location addressed by summing initial AL 
contents with BX contents 


ADC 

RB.DADDR 

2, 3 or 4 

X 




X 

X 

B 

X 

X 

[RBl -- [EAl + [RB] + [C] 











1 



Add the contents of the data byte addressed by DADDR, plus the Carry status, to register RB 

(Q 

ADC 

RW.DADDR 

2, 3 or 4 

X 




X 

X 

B 

X 

X 

[RWl - [EA] -H [RW] -t (Cl 

a 













Add the contents of the 1 6-bit data word addressed by DADDR. plus the Carry status, to 

> 













register RW 

o 

ADC 

DADDR.RB 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

[EAl •<- [EAl + [RBl -t [Cl 

c 

Q} 













Add the 8-bit contents of register RB, plus the Carry status, to the data memory byte 














addressed by DADDR 

a 

ADC 

DADDR.RW 

2. 3 or 4 

X 




X 

X 

X 

X 

X 

[EAl [EAl -t [RW] -t [Cl 

z 













Add the 16-bit contents of register RW, plus the Carry status, to the data word addressed by 

cc 













DADDR 


ADD 

RB.DADDR 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

[RBl *- [EAl + [RBl 

cc 













Add the contents of the data byte addressed by DADDR to register RB 

> 

ADD 

RW.DADDR 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

[RWl [EAl + [RW] 

o 













Add the contents of the 16-bit data word addressed by DADDR to register RW 

s 

ADD 

DADDR.RB 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

[EA] [EA] -t [RBl 














Add the 8-bit contents of register RB to the data memory byte addressed by DADDR 

>- 

ADD 

DADDR.RW 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

[EAl [EAl -t [RW] 

< 













Add the 16-bit contents of register RW to the data memory word addressed by DADDR 

Q 

Z 

AND 

RB.DADDR 

2, 3 or 4 

0 




X 

X 

u 

X 

o 

[RBl [EAl AND [RB] 

o 













AND the 8-bit contents of register RB with the data memory byte addressed by DADDR. 

LU 

CO 













Store the result in RB 
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Table 20-4. The 8086 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

O 

D 


T 

s 

z 

A 

p 

c 


AND 

RW.DADDR 

2, 3 or 4 

O 




X 

X 

u 

X 

0 

[RW] — [EAl AND [RW] 














•AND the 16-bit contents of register RW with the data memory word addressed by DADDR. 

Store the result in RW 


AND 

DADDR.RB 

2. 3 or 4 

o 




X 

X 

u 

X 

o 

[EA] - [EA] AND [RB] 














AND the 8-bit contents of register RB with the data memory byte addressed by DADDR. 

Store the result in the addressed data memory byte 


AND 

DADDR, RW 

2. 3 or 4 

o 




X 

X 

u 

X 

o 

[EA] [EA] AND [RW] 














AND the 16-bit contents of register RW with the data memory word addressed by DADDR. 

Store the result in the addressed data memory word 


CMP 

RB,DADDR 

2. 3 or 4 

X 




X 

X 

X 

X 

X 

[RB] - [EA] 














Subtract the contents of the data memory byte addressed by DADDR from the contents of 














register RB. Discard the result, but adjust status flags 


CMP 

RW.DADDR 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

[RW] - [EA] 

Q> 













Subtract the 16-bit contents of the data memory word addressed by DADDR from the 

o 













contents of register RW, Discard the result, but adjust status flags 

£• 

CMP 

DADDR.RB 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

[EA] - [RB] 

I 













Subtract the 8-bit contents of register RB from the data memory byte addressed by DADDR. 

i 













Discard the result, but adjust status flags 

UJ 

CMP 

DADDR. RW 

2. 3 or 4 

X 




X 

X 

X 

X 

X 

[EA] - [RW] 

o 













Subtract the 16-bit contents of register RW from the data memory word addressed by 

Ul 













DADDR. Discard the result, but adjust status flags 

Ul 

DEC 

DADDR 

2. 3 or 4 

X 




X 

X 

X 

X 


[EA] - [EAl - 1 

UJ 













Decrement the contents of the memory location addressed by DADDR. Depending on the 














prior definition of DADDR , an 8-bit or a 1 6-bit memory location may be decremented 

a 

DIV 

AX.DADDR 

2, 3 or 4 

u 




u 

u 

u 

u 

u 

[AX] [AX]/[EA] 

o 

s 













Divide the 1 6-bit contents of register AX by the 8-bit contents of the memory byte addressed 

UJ 













by DADDR. Store the integer quotient in AL and the remainder in AH. If the quotient is 

> 













greater than FF,j, execute a "divide by 0" interrupt 

cc 

DIV 

DX.DADDR 

2. 3 or 4 

u 




u 

u 

u 

u 

u 

[DX] [AX] •*- [DX] [AX]/[EA] 

o 













Divide the 32-bit contents of registers DX (high order) and AX (low order) by the 16-bit 

Z 

o 













contents of the memory word addressed by DADDR. Store the integer quotient in AX and 

o 













the remainder in DX. If the quotient is greater than FFFF,j, execute a "divide by 0" interrupt 

w 

IDIV 

AX.DADDR 

2, 3 or 4 

u 




u 

u 

u 

u 

u 

[AX] [AX]/[EA] 














Divide the 16-bit contents of register AX by the 8-bit contents of the memory byte addressed 
by DADDR, treating both contents as signed binary numbers. Store the quotient, as a signed 
binary number, in AL. Store the remainder. as an unsigned binary number, in AH. If the 
quotient is greater than 7F,5, or less than — 80 ,j 7 Bxecute a "divide by 0" interrupt 


IDIV 

DX.DADDR 

2. 3 or 4 

u 




u 

u 

u 

u 

u 

[DX] [AX] - [DX] [AX]/[EA] 














Divide the 32-bit contents of register DX (high order) and AX (low order) by the 16-bit 
contents of the memory word addressed by DADDR. Treat both contents as signed binary 
numbers. Store the quotient, as a signed binary nymber, in AX. Store the remainder, as an 
unsigned binary number, in AH. If the quotient is greater than ^FFF,^, or less than — 8000,^, 
execute a "divide by 0" interrupt 





SECONDARY MEMORY REFERENCE (Memory Operate) 


Table 20-4. The 8086 



Set Summary (Continued) 


OPERATION PERFORMED 

lAX] - lAL) • [EA] 

Multiply the 8-bit contents of register AL by the contents of the memory byte addressed by 
DADDR. Treat both numbers assigned binary numbers. Store the 16-bit product in AX 
(DXl (AX] -H- [AX] • [EA] 

Multiply the 16-bit contents of register AX by the 16-bit contents of the memory word 
addressed by DADDR. Treat both numbers as signed binary numbers. Store the 32-bit 
product in DX (high order word) and AX (low order word) 

[EA] [EA] -H 1 

Increment the contents of the memory location addressed by DADDR. Depending on the 
prior definition of DADDR , an 8-bit or a 1 6-bit memory location may be incremented 
[AX] [AL] • [EA] 

Multiply the 8-bit contents of register AL by the contents of the memory byte addressed by 
DADDR. Treat both numbers as unsigned binary numbers. Store the 1 6-bit product in AX 
[DX] [AX] [AX] * [EA] 

Multiply the 16-bit contents of register AX by the 16-bit contents of the memory word 
addressed by DADDR. Treat both numbers as unsigned binary numbers. Store the 32-bit 
product in DX (high order word) and AX (low order word) 

[EAl - [EA] 

Twos complement the contents of the addressed memory location. Depending on the prior 
definition of DADDR, an 8-bit or 16-bit memory location may be twos complemented 
[EA] —NOT [EA] 

Ones complement the contents of the addressed memory location. Depending on the prior 
definition of DADDR, an 8-bit or 16-bit memory location may be ones complemented 
[RB] - [EA] OR [RB] 

OR the 8-bit contents of register RB with the data memory byte addressed by DADDR. 
Store the result in RB 
[RW] - [EA] OR [RW] 

OR the 16-bit contents of register RW with the data memory word addressed by DADDR. 
Store the result in RW 
[EA] - [EA] OR [RBl 

OR the 8-bit contents of register RB with the data memory byte addressed by DADDR. 
Store the result in the data memory byte 
[EA] - [EA] OR (RW) 

OR the 16-bit contents of register RW with the data memory word addressed by DADDR. 
Store the result in the data memory word 

Rotate the contents of the data memory location addressed by DADDR left through the 
Carry status. If N = 1 , then rotate one bit position. If N = CL, then register CL contents 
■ provides the number of bit positions. Depending on prior definition, DADDR may address 
a byte: 


C [EA] 



or DADDR may address a word: 
C [EA] 


[EA-t 1] 






20-55 


© ADAM OSBORNE & ASSOCIATES, INCORPORATED 


Table 20-4. The 8086 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

O 

D 

1 

T 

S 

z 

A 

p 

c 


RCR 

DADDR.N 

2, 3 or 4 

X 








X 

As RCL, but rotate right 


ROL 

DADDR,N 

2. 3 or 4 

X 








X 

Rotate the contents of the data memory location addressed by DADDR left. Move the left 
most bit into the Carry status. If N = 1 , then rotate one bit position. If N = CL, then register 

CL contents provides the number of bit positions. Depending on prior definition, DADDR 
may address a byte: 














C [EA] 














rHTTTTTTTT^ 














or DADDR may address a word; 














C [EA] [EA+1] 














n— 1,.4 1 4 O 1 4 .t-r 4 t 4 1 4 4 


ROR 

DADDR.N 

2, 3 or 4 

X 








X 

As ROL. but rotate right 

(D 

SAL 

DADDR,N 

2, 3 or 4 

X 




X 

X 

u 

0< 

X 

Shift the contents of the data memory location addressed by DADDR left. Move the left 

a 













most bit into the Carry status. If N = 1 , then shift one bit position. If N = CL, then register 














CL contents provides the number of bit positions. Depending on prior definition, DADDR 

o 













may address a byte: 

E 

o 













C [EA] 

S 













n— f 4 1 4 -t 

o 













or DADDR may address a-word: . 

UJ 













C [EA] [EA+1] 

UJ 

u. 













rd— f4 i 4 1 4 1 4 t-f 4 *[ 4 1 4 1 41^ 

cc 

SAR 

DADDR.N 

2. 3 or 4 

B 




X 

X 

u 

X 

X 

As SAL, but shift right and propagate sigrc 

> 




B 









1 — 1 [EA] C 

EC 

o 

s 




1 









■ [gETZTZZI3— □ 

LU 

5 




1 









1 , [EA] [EA+1] C 

" Phi. M- h t-~n— 1. hi- > 4 hi. r-i— n 

>- 




1 









< 

SBB 

RB.DADDR 

2. 3 or 4 

B 




X 

X 

X 

X 

X 

(RBl [RB] - [EA] - [C] 

z 













Subtract the contents of the data byte addressed by DADDR from the contents of 8-bit 

O 

a 













register RB, using twos complement arithmetic. Decrement the result in RB if the Carry status 

UJ 

c/3 

SBB 

RW.DADDR 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

was initially set 
[RW] [RW] - [EA] - [C] 














Subtract the contents of the 16-bit data word addressed by DADDR from the contents of the 
16-bit register RW, using twos complement arithmetic. Decrement the result in RW if the 

Carry status was initially set 


SBB 

DADDR.RB 

2, 3 or 4 

X 




X 

X 

X 

X 

X 

[EAl •*- [EA] - [RB] - [C] 














Subtract-the contents of 8-bit register RB from the data byte addressed by DADDR, using 
twos complement arithmetic. Decrement the result in data memory if the Carry status was 
initially set 


SBB 

DADDR.RW 

2, 3 or 4 





X 

X 

X 

i 


[EA] -^[EA] - [RW] - [C] 





1 







1 

1 

Subtract the contents of 16-bit register RW from the 16-bit data word addressed by DADDR, 
using twos complement arithmetic. Decrement the result in data memory if the Carry status 
was initially set 
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Table 20-4. The 8086 Instruction Set Summary (Continued) 







STATUSES 




TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 







OPERATION PERFORMED 

O 

D 

1 

T 

S 

z 

A 

p 

c 






SHL 

DADDR,N 

2. 3 or 4 

X 




X 

X 

u 

X 

X 

This is an alternate mnemonic for SAL 


SHR 

DADDR.N 

2. 3 or 4 

X 




X 

X 

u 

X 

X 

As SAL. but shift right: 














[EAl C 














°t I- f IV I- f I- 1— n 














[EA] [EA+1] C 














“'“t I- f t- f f r f rr + r i-r (• fTT-n 

■ffl 

SUB 

RB,DADDR 

2. 3 or 4 

X 




X 

X 

X 

X 

X 

IRBI -IRBI - [EA] 














Subtract the contents of the data memory byte addressed by DADDR from the contents of 

o 

a 













8-bit register RB. using twos complement arithmetic 

o 

SUB 

RW.DADDR 

: 2. 3 or 4 

X 




X 

X 

X 

X 

X 

[RW] ■>- [RW] - [EA] 

O 













Subtract the contents of the 16-bit data memory word addressed by DADDR from the 

E- 













; contents of 16-bit register RW. using twos complement arithmetic 

S 

SUB 

DADDR.RB ' 

2. 3 or 4 

X 




X 

X 

X 

X 

X 

[EAl [EA] - [RB] 

UJ 













Subtract the contents of 8-bit register RB from the data memory byte addressed by DADDR. 

z 













using twos complement arithmetic 

cc 

SUB 

DADDR.RW 

2. 3 or 4 

X 




X 

X 

X 

X 

X 

[EAl -- [EAl - [RW] 

ui 













Subtract the contents of 1 6-bit register RW from the 1 6-bit data memory word addressed by 

Ui 













DADDR, using twos complement arithmetic 

>- 

TEST 

DADDR.RB 

2. 3 or 4 

0 




X 

X 

u 

X 

0 

(EAl AND [RB] 

a 













AND the 8-bit contents of the data memory location addressed by DADDR with the contents 

s 













of 8-bit register RB. Discard the result, but adjust status flags appropriately 

tlJ 

2 

TEST 

DADDR.RW 

2. 3 or 4 

0 




X 

X 

u 

X 

o 

[EAl AND [RW] 

>- 













AND the 16-bit contents of the data memory word addressed by DADDR with the contents 

cc 













of 16-bit register RW. Discard the result, but adjust status flags appropriately 

Q 

XOR 

RB.DADDR 

2. 3 or 4 

o 




X 

X 

u 

X 

o 

[RBl 1- (RBl XOR [EA] 

o 













Exclusive OR the 8-bit contents of register RB with the data memory byte addressed by 

o 

UJ 













DADDR. Store the result in RB 

c/} 

XOR 

RW.DADDR 

2. 3 or 4 

o 




X 

X 

u 

X 

o 

[RW] - IRWI XOR [EAl 














Exclusive OR the 1 6-bit contents of register RW with the 1 6-bit data memory word addressed 
by DADDR. Store the result in RW 


XOR 

DADDR.RB 

2. 3 or 4 

0 




X 

X 

u 

X 

o 

[EAl - [RB] XOR [EA] 














Exclusive OR the 8-bit contents of register RB with the data memory byte addressed by 

DADDR. Store the result in the addressed data memory byte 


XOR 

DADDR.RW 

2. 3 or 4 

o 




X 

X 

u 

X 

o 

(EAl ^ [RW] XOR [EA] 














Exclusive OR the 16-bit contents of register RW with the data memory word addressed by 
DADDR. Store the result in the addressed data memory word 

Ui 

MOV 

DADDR.DATAB 

3. 4 or 5 










[EAl -DATAS 

< 













Load the immediate data byte DATA8 into the data memory byte addressed by DADDR 

o 

MOV 

DADDR.DATA16 

4. 5 or 6 










[EA] --DATA 16 

s 













Load the immediate 16-bit data word DATA16 into the data memory word addressed by 

s 












L 

DADDR 




SUBROUTINE CALL AND RETURN JUMP IMMEDIATE 


ADAM OSBORNE & ASSOCIATES. INCORPORATED 


Table 20-4. The 8086 Instruction Set Summary (Continued) 


TYPE MNEMONIC OPERAND(S) 


O D I T S Z A P C 


OPERATION PERFORMED 


[RB] --DATA8 

Load the immediate data byte DATA8 into 8-bit register RB 
[RW] •►- DATA16 

Load the immediate 16-bit data word DATA16 into 16-bit register RW 


BRANCH3EGM 



[PC] - [PC] + DISP 

Jump direct to program memory location identified by label BRANCH. The displacement 
DISP which must be added to the Program Counter will be computed as an 8-bit or 16-bit 
signed binary number, as needed, by the assembler 
[PC] -^ DATA16, [CS] -DATA16 

Jump direct into a new segment. BRANCH is a label which becomes a 16-bit unsigned data 
value which is loaded into PC. SEGM is a label which becomes another 1 6-bit unsigned data 
vaiue that is loaded into the CS segment register 
[PCI - [EA] 

Jump indirect in current segment. The 16-bit contents of the data memory word addressed 
by DADDR is loaded into PC 
[PC] -e- [EA] , [CS] ^ [EA+2] 

Jump indirect into a new segment. The 1 6-bit contents of the data memory word addressed 
by DADDR is loaded into PC. The next sequential 1 6-bit data memory word's contents is 
loaded into the CS segment register 


[[SP] ] - [PC] , [SP] [SP] -2. [PC] ^ [PC] + DISP 

Call a subroutine in the current program segment using direct addressing 
[[SP] ] - [CS] . [SP] ^ [SP] -2, [[SP] ] - [PC] , [SP] - [SP] -2. [PC] - DATA16, 

[CS] DATA16 

Call a subroutine in another program segment using direct addressing. BRANCH and SEGM 
are labels that become different 16-bit data words; they are loaded into PC and CS. 
respectively 

[[SP] ] - [PC] , [SP] - [SP] -2. [PC] - [EA] 

Call a subroutine in the current program segment using indirect addressing. The address of the 
subroutine called is stored in the 16-bit data memory word addressed by DADDR 
[ [SP] ] - [CS] , [SP] - [S2] -2, [ [SP] ] - [PC] , [SP] - [SP] -2, [PC] - [EA] , 

[CS] [EA-t2] 

Call a subroutine in a different program segment using indirect addressing. The address of the 
subroutine called is stored in the 1 6-bit data memory word addressed by DADDR. The new 
CS register contents is stored in the next sequential program memory word 
[PC] - [[SP]] , [SP] ^ [SP] +2 

Return from a subroutine in the current segment 
[PC] - [[SP] ] , [SP] - [SP] +2, [CS] [[SP] ] , [SP] - [SP] +2 
Return from a subroutine in another segment 
[PC] ^[[SP]],[SP] -^[SP] -H2-tDATA16 

Return from a subroutine in the current segment and add an immediate displacement to SP 
[PC] ^ [[SP] ] , [SP] [SP] +2, [CS] ^ [[SP]] , [SP] ^ [SP] -t2+DATA16 

Return from a subroutine in another segment and add an immediate displacement to SP 
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TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

O 

□ 

1 

T 

s 

2 

A 

p 

c 


ADD 

AL.DATA8 

2 

X 




X 

X 

X 

X 

:X 

[ALl - (ALl + DATA8 














Add 8-bit immediate data to the.AL register 


ADD 

AX,DATA16 

3 

X 




X 

X 

X 

X 

X 

(AX] ^[AX] + DATA16 














Add 16-bit immediate data to the AX register ■ 


ADD 

RB.DATA8 

3 

X 




X 

X 

X 

X 

X 

[RBl *- [RBl + DATA8'. 














Add 8-bit immediate data to the RB register 


ADD 

RW,DATA16 

4 

X 




X 

X 

X 

X 

X 

(RW] [RW] + DATA16 














Add 16-bit immediate data to the RW register 


ADD 

DADDR.DATA8 

3, 4 or 5 

X 




X 

X 

X 

X 

X 

[EAl [EA] + DATA8 














Add 8-bit immediate data to the data memory byte addressed by DADDR 


ADD 

DADDR,DATA16 

4, 5 or 6 

X 




X 

X 

X 

X 

X 

[EA] (EA] + DATA16 














Add 16-bit immediate data to the data memory word addressed by DADDR 


ADC 

AL,DATA8 

2 

X 




X 

X 

X 

X 

X 

[AL] - (AL] + DATA8 -r [C] 














Add 8-bit immediate data, plus carry, to the AL register 


ADC 

AX .DATA 16 

3 

X 




X 

X 

X 

X 

X 

[AX] - [AX] -rDATA16-r [Cl 














Add 16-bit immediate data, plus carry, to the AX register 


ADC 

RB.DATA8 

3 

X 




X 

X 

X 

X 

X 

[RB] [RB] + DATA8-t- [C] 














Add 8-bit immediate data, plus carry, to the RB register 


ADC 

RW.DATA16 

4 

X 




X 

X 

X 

X 

X 

[RW] [RW] + DATA16-t [C] 

< 

cc 













Add 16-bit immediate data, plus carry, to the RW register 

tu 

ADC 

DADDR.DATA8 

3,4 or 5 

X 




X 

X 

X 

X 

X 

[EA] [EA] + DATA8 + [C] 

o 













Add 8-bit immediate data, plus carry, to the data memory byte addressed by DADDR 

Ul 

ADC 

DADDR.DATAie 

4, 5 or 6 

X 




X 

X 

X 

X 

X 

[EA] [EA] -t DATA16+ [C] 

< 













Add 16-bit immediate data, plus carry, to the data memory word addressed by DADDR 

o 

UJ 

AND 

AL,DATA8 

2 

o 




X 

X 

u 

X 

o 

[AL] [AL] AND DATA8 

2 













AND 8-bit immediate data with AL register contents 


AND 

AX,DATA16 

3 

o 




X 

X 

u 

X 

0 

[AX] -f- [AX] AND DATA16 














AND 16-bit immediate data with AX register contents 


AND 

RB,DATA8 

3 

o 




X 

X 

u 

X 

o 

[RB] [RB] AND DATA8 














AND 8-bit immediate data with RB register contents 


AND 

RW.DATAie 

4 

o 




X 

X 

u 

X 

o 

[RW] — [RW] AND DATA16 














AND 16-bit immediate data with RW register contents 


AND 

DADDR.DATA8 

3,4 or 5 

o 




X 

X 

u 

X 

o 

[EA] ■<- [EA] AND DATA8 














AND 8-bit immediate data with contents of data memory byte addressed by DADDR 


AND 

DADDR,DATA16 . 

4, 5 or 6 

o 




X 

X 

u 

X 

0 

[EA] [EA] AND DATA16 














AND 16-bit immediate data with contents of 1 6-bit data memory word addressed by DADDR 


CMP 

AL.DATAS 

2 

X 




X 

X 

X 

X 

X 

[AL] - DATA8 














Subtract 8-bit immediate data from AL register contents. Discard result, but adjust status flags 


CMP ■ 

AX.DATA16 

3 

X 




X 

X 

X 

X 

X 

[AX] -DATA16 














Subtract 16-bit immediate data from AX register contents. Discard result, but adjust status flags 


CMP 

RB,DATA8 

3 





X 

B 

X 

X 

X 

[RB] -DATA8 










1 




Subtract 8-bit immediate data from RB register contents. Discard result, but adjust status flags 


CMP 

RW,DATA16 

4 





X 

B 

X 

X 

X 

[RW] - DATA16 










1 




Subtract 16-bit immediate data from RW register contents. Discard result, but adjust statusflags 
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Table 20-4. The 8086 Instruction Set Summary (Continued) 








STATUSES 




TYPE 



BYTES 










OPERATION PERFORMED 



O 

D 

1 

T 

S 

z 

A 

p 

c 




CMP 

DADDR.DATAS 

3. 4 or 5 

X 




X 

X 

X 

X 

X 

[EA] - DAT AS 














Subtract S-bit immediate data from contents of data memory byte addressed by DADDR. 
Discard result, but adjust status flags 


CMP 

DADDR.DATA16 

4. 5 or 6 

X 




X 

X 

X 

X 

X 

(EA) - DATA16 














Subtract 16-bit immediate data from contents of 16-bit data memory word addressed by 
DADDR. Discard result, but adjust status flags 


OR 

AL.DATAS 

2 

o 




X 

X 

u 

X 

o 

(AL] - [AL] OR DATA8 














OR 8-bit immediate data with AL register contents 


OR 

AX. DATA 16 

3 

o 




X 

X 

u 

X 

o 

lAXl [AX] OR DATA16 














OR 16-bit immediate data with AX register contents 


OR 

RB.DATAS 

3 

o 




X 

X 

u 

X 

o 

[RB] [RB] OR DAT AS 














OR 8-bit immediate data with RB register contents 


OR 

RW,DATA16 

4 

o 




X 

X 

u 

X 

o 

[RWl ■>- [RW] OR DATA16 














OR 16-bit immediate data with RW register contents 


OR 

DADDR,DATA8 

3.4 or 5 

0 




X 

X 

u 

X 

0 

[EA] [EA] OR DATA8 














OR 8-bit immediate data with contents of data memory byte addressed by DADDR 


OR 

DADDR,DATA16 

4. 5 or 6 

o 




X 

X 

u 

X 

o 

[EA] - [EA] OR DATA16 

UJ 













OR 16-bit immediate data with contents of 16-bit data memory word addressed by DADDR 

< 

SBB 

AL.DATAS 

2 

X 




X 

X 

X 

X 

X 

[AL] [AL] - DAT AS - [C] 

cc 

UJ 













Subtract 8-bit immediate signed binary data from AL register contents using twos 

Q. 

o 













complement arithmetic. If the Carry status was originally 1 decrement the result 

Ui 

SBB 

AX,DATA16 

3 

X 




X 

X 

X 

X 

X 

[AX] [AX] - DATA16 - [C] 

< 













Subtract 16-bit immediate signed binary data from AX register contents using twos 

Q 













complement arithmetic. If the Carry status was originally 1 decrement the result 

s 

SBB 

RB.DATAS 

3 

X 




X 

X 

X 

X 

X 

[RB] [RB] - DAT AS - [C] 

s 













Subtract 8-bit immediate signed binary data from RB register contents using twos 
complement arithmetic. If the Carry status was originally 1 decrement the result 


SBB 

RW.DATA16 

4 

X 




X 

X 

X 

X 

X 

[RW] - [RW] - DATA16 - [C] 














Subtract 16-bit immediate signed binary data from RW register contents using twos 
complement arithmetic. If the Carry status was originally 1 decrement the result 


SBB 

DADDR.DATAS 

3.4 or 5 

X 




X 

X 

X 

X 

X 

[EA] [EA] - DATA8 - [C] 














Subtract 8-bit immediate signed binary data from contents of data memory byte addressed 
by DADDR using twos complement arithmetic. If the Carry status was originally 1 
decrement the result 


SBB 

DADDR.DATAie 

4. 5 or 6 

X 




X 

X 

X 

X 

X 

[EA] - [EA] - DATA16 - [C] 














Subtract 16-bit immediate signed binary data from contents of 16-bit data memory word 
addressed by DADDR using twos complement arithmetic. If the Carry status was originally 

1 decrement the result 


SUB 

AL.DATAS 

2 

X 




X 

X 

X 

X 

X 

[AL] ^ [AL] - DATA8 














Subtract the 8-bit immediate signed binary data from AL register contents using twos 
complement arithmetic 


SUB 

AX.DATA16 

3 

X 




X 


X 

X 

X 

[AX] -e- [AX] - DATA16 










1 




Subtract the 16-bit immediate signed binary data from AX register contents using twos 
complement arithmetic 
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STATUSES 





MNEMONIC 

OPERAND(S) 

BYTES 










OPERATION PERFORMED 


O 

D 

1 

T 

S 

z 

A 

p 

c 






SUB 

RB.DATAS 

3 

X 




X 

X 

X 

X 

X 

(RBl iRBl - DATAS 














Subtract the 8-bit immediate signed binary data from RB register contents using twos 
complement arithmetic 


c 

CD 

RW,DATA16 

4 

X 




X 

X 

X 

X 

X 

(RWl [RW] - DATAie 














Subtract the 1 e-bit immediate signed binary data from RW register contents using twos 
complement arithmetic 


SUB 

DADDR.DATAS 

3.4 or 5 

X 




X 

X 

X 

X 

X 

lEAl - lEA] - DATAS 














Subtract the 8-bit immediate signed binary data from the contents of the data memory byte 
addressed by DADDR using twos complement arithmetic 


SUB 

DADDR.DATAie 

4. 5 or e 

X 




X 

X 

X 

X 

X 

(EAl lEA] - DATA16 














Subtract the lb-bit immediate signed binary data from the contents of the lb-bit data 
memory word addressed by DADDR using twos complement arithmetic 


TEST 

AL.DATAS 

2 

o 




X 

X 

u 

X 

o 

(ALl AND DATAS 














AND the 8-bit immediate data and AL register contents. Discard the result but adjust status 
flags 


TEST 

AX.DATAie 

3 

o 




X 

X 

u 

X 

o 

lAX] AND DATAie 














AND the 18-bit immediate data and AX register contents. Discard the result but adjust status 
flags 

LU 

H 

TEST 

RB.DATAS 

3 

0 




X 

X 

u 

X 

o 

[RBl AND DATAS 

< 













AND the 8-bit immediate data and RB register contents. Discard the result but adjust status 

UJ 













flags 

o 

TEST 

RW.DATAie 

4 

0 




X 

X 

u 

X 

o 

[RWl AND DATAie 

til 













AND the 1 8-bit immediate data and RW register contents. Discard the result but adjust status 

< 













flags 

Q 

TEST 

DADDR.DATAS 

3.4 or 5 

o 




X 

X 

u 

X 

o 

[EAl AND DATAS 

s 













AND the 8-bit immediate data and the contents of the data memory location addressed by 

s 

TEST 

DADDR.DATAie 

4. 5 or e 

o 




X 

X 

u 

X 

o 

DADDR. Discard the result but adjust status flags 
[EAl AND DATAie 














AND the lb-bit immediate data and the contents of the 18-bit data memory word addressed 
by DADDR. Discard the result but adjust status flags 


XOR 

AL.DATAS 

2 

0 




X 

X 

u 

X 

o 

[ALl «- [ALl XOR DATAS 














Exclusive OR 8-bit immediate data with AL register contents 


XOR 

AX.DATA16 

3 

o 




X 

X 

u 

X 

o 

[AXl -f- [AXl XOR DATAie 














Exclusive OR 18-bit immediate data with AX register contents 


XOR 

RB.DATAS 

3 

0 




X 

X 

u 

X 

o 

[RBl [RB] XOR DATAS 














Exclusive OR 8-bit immediate data with RB register contents 


XOR 

RW.DATAie 

4 

0 




X 

X 

u 

X 

0 

[RWl - [RW] XOR DATAie 














Exclusive OR lb-bit immediate data with RW register contents 


XOR 

DADDR.DATAS 

3. 4 or 5 

o 




X 

X 

u 

X 

o 

[EAl - [EAl XOR DATAS 














Exclusive OR 8-bit immediate data with contents of the data memory byte addressed by 

DADDR 


XOR 

DADDR.DATAie 

4. 5 or e 

o 





X 

u 

X 

o 

[EAl - [EAl Xv R DATAie 









1 





Exclusive OR lb-bit immediate data with contents of the lb-bit data memory word addressed 
by DADDR 
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Table 20-4. The 8086 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERANDIS) 

BYTES 

STATUSES 

OPERATION PERFORMED 

O 

O 

1 

T 

S 

z 

A 

P 

C 


LOOP 

DISP8 

2 










ICX] <- [CX] -1 If [CX] othen [PC] - [PC] + DISP8 














Decrement CX register and branch if CX contents is not 0 

.Z 

LOOPE 

DISP8 

2 










[CXl ICX] -1 If [CX] ^ 0 and [Z] = 1 then [PC] - [PC] + DISP8 

o 













Decrement CX register and branch if CX contents is not 0 and Z status is 1 

H 

LOOPNE 

DISP8 

2 










[CX] ICX] -1 If [CX] # 0 and [Z] = 0 then [PC] -- [PC] + DISP8 

z 













Decrement CX register and branch if CX contents is not 0 and Z status is 0 

o 

LOOPN2 

DISP8 

2 










See LOOPNE 

z 

LOOPZ 

DISP8 

2 










See LOOPE 

o 

JA 

DISP8 

2 










[PC] [PC] + DISP8 

1 













Branch if C or Z is 0 

3 

JAE 

DISP8 

2 










[PC] *- [PC] + DISP8 














Branch if C is 0 


JB 

DISP8 

2 










[PC] - [PC] + DISP8 














Branch if C is 1 


JBE 

DISP8 

2 










[PC] [PC] + DISP8 














Branch if C or Z is 1 


JCXZ 

DISP8 

2 










[PC] - [PC] + DISP8 














Branch if the CX register contents is 0 


JE 

DISP8 

2 










[PC] [PC] + DISP8 














Branch if Z is 1 


JG 

DISP8 

2 










[PC] [PC] + DISP8 














Branch if Z is 0 or the S and 0 statuses are the same 


JGE 

DISP8 

2 










[PC] •>- [PC] + DISP8 














Branch if the S and 0 statuses are the same 

z 

JL 

D1SP8 

2 










[PC] [PC] + DISP8 

H 













Branch if the S and O statuses differ 

a 

JLE 

DISP8 • 

2 










[PC] ^ [PC] + DISP8 

z 

o 













Branch if Z is 1 or the S and O statuses differ 

u 

JNA 

DISP8 

2 










See JBE 

z 

o 

JNAE 

DISP8 

2 










See JB 

X 

JNB 

DISP8 

2 










See JAE 

z 

JNBE 

DISP8 

2 










See JA 

< 

JNE 

DISP8 

2 










[PC] [PC] + DISP8 

CQ 













Branch if Z is 0 


JNG 

DISP8 

2 










See JLE 


JNGE 

DISP8 

2 










See JL 


JNL 

DISP8 

2 










See JGE 


JNLE 

DISP8 

2 










Sbg JG 


JNO 

DISP8 

2 










[PC] [PC] + DISP8 














Branch if O is 0 


JNP 

DISP8 

2 










[PC] [PC] + DISP8 














Branch if P is 0 


JNS 

DISP8 • 

2 










[PC] [PC] + DISP8 














Branch if S is 0 
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TYPE 

MNEMONIC 

OPERANO(S) 

BYTES 

STATUSES 

OPERATION PERFORMED 

O 

0 

1 

T 

S 

z 

A 

p 

c 

z 

JNZ 

D1SP8 

2 










See JNE 

p 

JO 

DISP8 

2 










(PC) (PC) + DISP8 

O 













Branch if 0 is 1 

z 

o 

jp 

DISP8 

2 










(PCI (PC) + DISP8 

u 













Branch if P is 1 

z 

o 

JPE 

D1SP8 

2 










See JP 

X 

JPO 

DISP8 

2 










See JNP 

o 

z 

JS 

DISP8 

2 










(PC) - (PC) + DISP8 

< 













Branch if S is 1 

ffi 

JZ 

DISP8 

2 










See JE 


MOV 

RBD.RBS 

2 










(RBD) (RBS) 

> 













Move the contents of any RB register to any RB register 

o 

MOV 

RWD.RWS 

2 










(RWDl - (RWS) 

cc 













Move the contents of any RW register to any RW register 

UJ 

MOV 

SR.RW 

2 










(SR) ^ (RWS) 

£2 













Move the contents of any RW register to any Segment register 

o 

UJ 

MOV 

RW,SR 

2 










(RWD) - (SRl 

fiC 













Move the contents of any Segment register to any RW register 


XCHG 

AX.RW 

1 

■ 

■ 

I 


■ 

■ 

■ 

■ 

■ 

(AX) « (RW) 

£ 




■ 

■ 

1 


1 

■ 

■ 

1 

■ 

Exchange the contents of AX and any RW register 

03 

XCHG 

RB,RB 

2 

■ 

■ 

1 


1 

I 

■ 

1 

■ 

(RBl «-(RBl 

(9 




1 

■ 

1 


1 

■ 

■ 

1 

■ 

Exchange the contents of any two RB registers 

cc 

XCHG 

RW.RW 

2 

■ 

■ 

1 


1 

I 

■ 

1 

■ 

(RW) « [RW] 





1 

1 

1 


1 

1 

1 

1 

1 

Exchange the contents of any two RW registers 


CMPB 


1 

X 

I/D 



X 

X 

X 

X 

X 

[(Sill - ((Dll), [SI] [SI] T 1, [Dl] - [Dl] T 1 














Compare the extra segment data bytes addressed by the SI and Dl Index registers using string 














data addressing 

I 

CMPW 


1 

X 

I/D 



X 

X 

X 

X 

X 

[[SI]] - ([Dl]] , [SI] - [SI] T 2. [Dl] - [Dl] ? 2 

c 













Compare the extra segment 16-bit data words addressed by the SI and Dl Index registers using 

UJ 













string data addressing 

Q 

LODB 


1 


I/D 








[AL] - [[SI]] , [SI] - [SI] ± 1 

z 













Move a data byte from the extra segment location addressed by the SI Index register to the 














AL register using string data addressing 

UJ 

LODW 


1 


I/D 








[AX] - [[SI]] , [SI] - [SI] ± 1 

03 













Move a data word from the 16-bit extra segment location addressed by the SI Index register 

< 













to the AX register using string data addressing 

cc 

MOVB 


1 


I/D 








[[Dl]] - [[SI]] , [SI] - [SI] T 1. [Dl] - [Dl] +1 














Move a data byte from the extra segment location addressed by the SI Index register to the 

u 

o 













extra segment location addressed by the Dl register using string data addressing 


MOVW 


1 


I/D 








[[Dl]] -[(SI]],[SI] -[SI] +2. [Dl] -[Dl] T2 














Move a 16-bit data word from the extra segment location addressed by the SI Index register 














to the extra segment location addressed by the Dl Index register using string data addressing 
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Table 20-4. The 8086 Instruction Set Summary (Continued) 








STATUSES 




TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 








OPERATION PERFORMED 

O 

D 

1 

T 

S 

z 

A 

p 

c 






REP 

N 

1 


I/D 








Repeat the next sequential instruction (which must be a Block Transfer and Search 

X 













instruction) until CX contents decrements to 0. Decrement CX contents on each repeat. If 

QC 













the next instruction is CMPB. CMPW. SCAB or SCAW then repeat until CX contents 

< 

tiJ 













decrements to 0 or Z status does not equal N 

CO 

SCAB 


1 

X 

I/D 



X 

X 

X 

X 

X 

[AL] -[(DI]].[DI] ^[Dl] ± 1 

z 













Compare AL register contents with the extra segment data byte addressed by the Dl Index 

< 













register using string data addressing 

LJ 

SCAW 


1 

X 

I/D 



X 

X 

X 

X 

X 

[AX] - [[Dl] ] . [Dl] [Dl] ± 2 

CO 













Compare AX register contents with the extra segment 16-bit data word addressed by the Dl 

< 













Index register using string data addressing 

cc 

STOB 


1 

X 

I/D 



X 

X 

X 

X 

X 

[[Dl]] [AL] . [Dl] - [Dl] ± 1 














Store the AL register contents in the extra segment data memory byte addressed by the Dl 

o 

o 













Index register using string data addressing 

CQ 

STOW 


1 

X 

I/D 



X 

X 

X 

X 

X 

[[Dl]] [AX] . [Dl] - [Dl] ± 2 













Store the AX register contents in the extra.segment 16-bit data memory.-word addressed by 
the Dl Index register using string data addressing. 



ADC 

RBD.RBS 

2 

X 




X 

X 

X 

X 

X 

[RBD] [RBD] + [RBS] [C] 














Add the 8-bit contents of register RBS.'plus the Carry status, to register RBD 


ADC 

RWD.RWS 

2 

X 




9 

X 

X 

X 

X 

• [RWDl - [RWD] + [RWS] -»• [C] 









1 





Add the 16-bit contents of register RWS. plus the Carry status, to register RWD 


ADD 

RBD.RBS 

2 

X 




9 

X 

X 

X 

X 

[RBD] - [RBD] -H [RBS] 









1 





Add the 8-bit contents of register .RBS to register. RBD 


ADD 

RWD.RWS 

2 

X 




9 

X 

X 

X 

X. 

[RWD] - [RWD] -1- [RWS] 














Add the 1 6-bit contents of register RWS to register RWD 

< 

AND 

RBD.RBS 

2 

o 




X 

X 

u. 

X 

o 

[RAD] -^ [RBD] AND [RBS] 

UJ 













AND the 8-bit contents of register RBS with register RBD 

O 

AND 

RWD.RWS 

2 

o 




X 

X 

u 

X 

o 

[RWD] [RWD] AND [RWS] 

CC 













AND the 16-bit contents of register RWS with register RWD 


CBW 


t 










[AH] -- [AL7] 

O 

lU 













Extend AL sign bit into AH 

CWD 


1 










[DX] - [AX15] 














Extend AX sign bit into DX 

cc 

OR 

RBD.RBS 

2 

o 




X 

X 

u 

X 

o 

[RBD] •<- [RBD] OR [RBS] 

Ui 

H 













OR the 8-bit contents of register RBS with register RBD 


OR , 

RWD.RWS 

2 

0 




X 

X 

u 

X 

0 

[RWD] - [RWD] OR [RWS] 

o 

UJ 













OR the 16-bit contents of register RWS with register RWD 

CC 

SBB 

RBD.RBS 

2 

X 




X 

X 

X 

X 

X 

[RBD] [RBD] - [RBS] - [C] 














Subtract the 8-bit contents of register RBS from RBD using twos complement arithmetic. 

If the Carry status was originally 1 decrement the result 


SBB 

RWD.RWS 

2 

X 




X 

X 

X 

X 

X 

[RWD] - [RWD] - [RWS] - [C] 














Subtract the 16-bit contents of register RWS from RWD using twos complement arithmetic. 

If the Carry status was originally 1 decrement the result 







20-64 


Table 20-4: The 8086 Instruction Set Summary (Continued) 







STATUSES 




TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 







OPERATION PERFORMED 

O 

D 

1 

T 

S 

z 

A 

p 

c 





UJ 

. h- 

SUB 

RBD.RBS 

2 

X 




X 

X 

X 

X 

X 

(RBDl - (RBDl - [RBSl 

1 oc 













Subtract the 8-bit contents of register RBS from RBD using twos complement arithmetic 


SUB 

RWD.RWS 

2 

X 




X 

X. 

X 

X 

X 

IRWD) IRWDI - [RWSl 

hO 

(Aff 













Subtract the 16-bit contents of register RWS from RWD using twos complement arithmetic 

(3UJ 

XOR 

RBD.RBS 

2 

0 




X 

X 

u 

X 

o 

(RBDl -(-(RBDl XOR [RBS] 














Exclusive OR the 8-bit contents of register RBS with register RBD 

O 

XOR 

RWD.RWS 

2 

0 




X 

X 

u 

X 

o 

[RWD] -t-lRWDl XOR (RWSl 

tc. 













Exclusive OR the 16-bit contents of register RWS with register RWD 


AAA 


1 

u 




u 

u 

X 

u 

X 

ASCII adjust AL register contents for addition (as described in accompanying text) 


AAD 


2 

u 




X 

X 

u 

X 

u 

Decimal adjust dividend in AL prior to dividing an unpacked decimal divisor, to generate an 
unpacked decimal quotient. (See accompanying text for details) 


AAM 


2 

u 




X 

X 

u 

X 

u 

After multiplying two unpacked decimal operands, adjust product in AX to become an 
unpacked decimal result. (See accompanying text for details) 


AAS 


1 

u 




u 

u 

X 

u 

X 

After subtracting two unpacked decimal numbers, adjust the difference in AL so that it too 
is an unpacked decimal number. (See accompanying text for details) 


DAA 


1 

u 




X 

X 

X 

X 

X 

After adding two packed decimal numbers, adjust the sum in AL so that it too is a packed 
decimal number. (See accompanying text for details) 


DAS 


1 

u 




1 

X 

X 

X 

X 

After subtracting two packed decimal numbers, adjust the difference in AL so that it too is 
a packed decimal number. (See accompanying text for details) 


DEC 

RB 

2 

X 





X 

X 

X 


lRBl-^(RBl-1 









1 





Decrement the 8-bit contents of register RB 


DEC 

RW 

1 or 2 

X 




B 

X 

X 

B 


[RWl-lRWl-1 












1 


Decrement the 1 6-bit contents of register RW 

e 

INC 

RB 

2 

X 




X 

X 

Q 

B 


IRB)-[RB]-H 

O. 










1 



Increment the 8-bit contents of register RB 

o 

INC 

RW 

1 or 2 

X 




X 

X 

B 

X 


IRWl (RW) -n 











1 



Increment the 16-bit contents of register RW 

CO 

NEC 

RB 

2 

X 




X 

X 

B 

X 

X 

(RB) - (RBl -Hi 

o 













Twos complement the 8-bit contents of register RB 

c 

NEC 

RW 

2 

X 




X 

X 

X 

X 

X 

(RWl (RW) -n 














Twos complement the 16-bit contents of register RW 


NOT 

RB 

2 










IRBI - (RB] 














Ones complement the 8-bit contents of register RB 


NOT 

RW 

2 










(RWJ — (RW) 














Ones complement the 1 6-bit contents of register RW 


RCL 

RB 

2 

X 









Rotate left through Carry the 8-bit contents of RB register, or the 16-bit contents of RW 


RCL 

RW 

2 

X 









register, as illustrated for memory operate 


RCR 

RB 

2 

X 









■ Rotate right through Carry the 8-bit contents of RB register, or the 16-bit contents of RW 


RCR 

RW 

2 









X 

register, as illustrated for memory operate 


ROL 

RB 

2 









X 

Rotate left the 8-bit contents of RB register, or the 1 6-bit contents of RW register, as 


ROL 

RW 

2 









X 

illustrated for memory operate 


ROR 

RB 

2 

Q 








X 

Rotate right the 8-bit contents of RB register, or the 1 6-bit contents of RW register, as 


ROR 

RW 

2 

X 








X 

illustrated for memory operate 
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Table 20-4. The 8086 Instruction Set Summary (Continued) 








STATUSES 




TYPE 


OPERAND(S) 

BYTES 










OPERATION PERFORMED 


0 

D 

1 

T 

s 

z 

A 

p 

c 





lU 

H - 

SAL 

RB 

2 

X 




X 

X 

u 

X 

X 

Shift left the 8-bit contents of RB register, or the 16-bit contents of RW register, as illustrated 

cc 

SAL 

RW 

2 

X 




X 

X 

u 

X 

X 

for memory operate 

CL 

SAR 

RB 

2 

X 




X 

X 

u 

X 

X 

Shift right the 8-bit contents of register RB, or the 16-bit contents of register RW,as 

o 

SAR 

RW 

2 

X 




X 

X 

u 

X 

X 

illustrated for memory operate 

£j 

SHL 

RB 

2 

X 




X 

X 

u 

X 

X 

See SAL 

(/) 

SHL 

RW 

2 

X 




X 

X 

u 

X 

X 

See SAL 

a 

SHR 

RB 

2 

X 




X 

X 

u 

X 

X 

Shift right the 8-but contents of register RB, or the 16-bit contents of register RW, as 

CC 

SHR 

RW 

2 

X 




X 

X 

u 

X 

X 

illustrated for memory operate 


POP 

DADDR 

2 










[EA] [{SP)] , [SP] - ISP] +2 














Load the 16-bit stack word, addressed using stack addressing, into the,16-bit data memory 
word addressed by DADDR. Increment SP by 2 


POP 

RW 

1 or 2 










[RW or SR] - I [SP] ] , [SP] - [SP] +2 


POP 

SR 

1 










Load the 16-bit stack word, addressed using stack addressing, into the-specified 16-bit register. 
Increment SP by 2 


POPF 


1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

[SFRl - [[SP]] , [SP] - [SP] -t-2 

S' 

u 

< 













Load the 16-bit stack word, addressed using stack addressing, into the Status flags register 

PUSH 

DADDR 

2 










ISP] - ISP] -2, [[SP] ] ^ [EA] 

c/> 













Store the 16-bit contents of the data memory word addressed by DADDR in the 16-bit stack 
word addressed using stack addressing. Decrement SP by 2 


PUSH 

RW 

1 or 2 










[SPI-ISP] -2. [[SP]] -iRWorSR] 


PUSH 

SR 

1 










Store the contents of the specified 1 6-bit register in the 1 6-bit stack word addressed using 
stack addressing. Decrement SP by 2 


PUSHF 


1 










ISP] - [SP] + 2 . [[SP] ] [SFR] 














Store the Status flags register contents in the 1 6-bit stack word addressed using stack 
addressing. Decrement SP by 2 

rr 

INT 

3 

1 



o 

0 






Execute a software interrupt and vector through table entry 3 


INT 

V 

2 



o 

o 






Execute a software interrupt and vector through table entry V 


INTO 


1 



o 

o 






If the O status is 1 .execute a software interrupt and vector through table entry 10,j 


IRET 


1 










Return from interrupt service routine 


CLC 


1 

■ 



1 

I 

I 

■ 

1 

o 

[Cl -^0 





H 



1 

1 

1 

H 

1 


Clear Carry status 


OLD 


1 

H 



1 

1 

1 

H 

1 


(Dl-^0 

c/> 




H 



H 

1 

1 

H 

1 


Clear Decrement/ Increment select 

3 

H 

CLI 


1 

H 



1 

1 

1 

H 

1 


III <-0 

< 




H 



1 

1 

1 

H 

1 


Clear Interrupt enable status, disabling all interrupts 

(/) 

CMC 


1 

H 



1 

1 

1 

H 

1 

B 

[Cl - [Cl 





H 



1 

1 

1 

H 

1 

1 

Complement Carry status 


FALC 


1 

H 



H 

H 

H 

H 

■ 

I 

[ALl *- 0 if [Cl = 0. [ALl FF if [C] = 1 





1 



1 

1 

1 

1 

1 

1 

Fill AL with Carry 
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Table 20-4. The 8086 Instruction Set Summary (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

. BYTES • 

STATUSES 

OPERATION PERFORMED 

O 

D 

1 

T 

S 

z 

A 

P 

c 

snivis 

LAHF • 

SAHF 

STC 

STD 

STI 


1 

1 

1 

1 

1 


1 

1 


X 

X 

X 

X 

X 

1 

Transfer flags to AH register-as follows: 

7 6 5 4 3 2 1 0 Bit no. 

1 1 1 1 1 1 1 1 1 register 

S Z O A 0 P 1 C 

Transfer AH register contents to status flags as follows: 

7 6 5 4 3 2 10 Bit no, 

I { 1 1 1 1 I 1 1 AH register 

S Z A P C 

(Cl -1 

Set Carry status to 1 
(Dl *-1 

Set Decrement/Increment status to 1 

(11 -1 

Set Interrupt enable status to 1 , enabling all interrupts 


ESC 

HLT 

LOCK 

SEG 

WAIT 

DADDR 

SR 

2 

1 

1 

1 

1 










(EAI 

The contents of the data memory location addressed by DADDR is read out of memory and 
placed on the data bus; however, it is not input to the CPU 

CPU Halt 

Guarantee the CPU bus control during execution of the next sequential instruction 

The next sequential allowed memory reference instruction accesses the segment identified 
by Segment register SR. See Table 20-1 for allowed memory reference instructions 

CPU enters the WAIT state until TEST pin receives a high input signal 
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INSTRUCTION EXECUTION TIMES AND CODES 

Table 20-5 lists instructions in alphabetical order, showing object codes and execution times, expressed in whole clock 
cycles. Execution time is the time required from beginning execution of an instruction that is in the queue to beginning 
execution of the next instruction in the queue. The time required to place an instruction from memory into the queue 
(instruction fetch time) is not shown in the table; because of queuing, instruction fetch time occurs concurrently with 
instruction execution time and thus has no effect on overall timing, except as specifically noted in the table. 

Instruction object codes are represented as two hexadecimal digits for instruction bytes without variations. 

Instruction object codes are represented as eight binary digits for instruction bytes with variations for the instruction. 

The following notation is used in Table 20-5: 

[ ] indicate an optional object code byte 

a one bit choosing data length: 

ao = 1 data byte 3^0= 2 data bytes 

I = 2 data bytes 1 = 1 data byte 

aa two bits choosing address length: 

no DISP = 00 

one DISP byte = 01 

two DISP bytes = 10, or 00 with bbb = 110 

three bits choosing addressing mode: 

000 EA = (BX) + (SI) -f-DISP 

001 EA = (BX) -I- (Dl) +DISP 

010 EA = (BP) + (SI) -PDISP 

011 EA = (BP) -I- (Dl) -I- DISP 

100 EA = (SI) + DISP 

101 EA = (Dl) -t- DISP 

110 EA = (BP) -I- DISP 

111 EA = (BX) + DISP 

represents two hexadecimal digit memory displacement 
represents three binary digits identifying a destination register (see reg). 

two binary digits identifying a segment register: 

00 = ES 

01 = CS 
10 = SS 

II = DS 

reg three binary digits identifying a register: 



16-bit 

8-bit 

000 = 

AX 

AL 

001 = 

CX 

CL 

010 = 

DX 

DL 

oil = 

BX 

BL 

100 = 

SP 

AH 

101 = 

BP 

CH 

110 = 

SI 

DH 

111 = 

Dl 

BH 


sss represents three binary digits identifying a source register (see reg). 

ppqq represents four hexadecimal digit memory address 

V one bit choosing shift length: 

0 count = 1 

1 count = (CL) 

X "don't care" bit 

YY represents two hexadecimal data digits 

YYYY represents four hexadecimal data digits 

Z one bit where Z XOR (ZF) = 1 terminates loop 

* Execution time is less than or equal to instruction fetch time. 

** Includes up to eight clock cycles of overhead on each transfer due to queue maintenance. For condi- 

tional jumps, the lesser figure is when the test fails (no jump taken). 

EA = from five to twelve additional cycles, depending on addressing mode, required for address calcula- 

tion only (R/W cycles are included above). 


DISP 

ddd 

rr 


bbb 
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Table 205. A Summary of 8086 Instruction Object Codes and Execution Cycles 



INSTRUCTION 

OBJECT CODE 

BYTES 

CLIXK 

PERIODS 

AAA 


37 

1 

4* 

AAD 


D5 0A 

2 

eo 

AAM 


D4 0A 

2 

83 

AAS 


3F . 

1 

4* 

ADC 

AL.DATAS 

14 YY 

2 

4* 

ADC 

AX,bATA16 

15 YYYY 

3 

4* 

ADC 

DADDR.DATAS 

80 aaOIObbb 
(DISPl [DISPIYY 

3. 4 or 5 

17+EA 

ADC 

DADDR.DATAie 

lOOOOOal aaOIObbb 
[DISPl [DISPl YY[YY1 

3. 4, 5 ore 

17+EA 

ADC 

DADDR.RB 

1 0 aadddbbb 
[DISPl [DISPl 

2. 3 or 4 

ie+EA 

ADC 

DADDR.RW 

11 aadddbbb 
[DISPl [DISPl 

2. 3 or 4 

ie+EA 

ADC 

RB.DADDR 

1 2 aasssbbb 
[DISPl [DISPl 

2. 3 or 4 

9+EA 

ADC 

RB,DATA8 

80 llOIOddd YY 

3 

4* 

ADC 

RBD.RBS 

12 lldddsss 

2 

3* 

ADC 

RW.DADDR 

1 3 aasssbbb 
[DISPl [DISPl 

2. 3 or 4 

9+EA 

ADC 

RW,DATA16 

lOOOOOal llOIOddd 

YY[YY1 

3 or 4 

4* 

ADC 

RWD.RWS 

13 lldddsss 

2 

3* 

ADD 

AL.DATAS 

04 YY 

2 

4* 

ADD 

AX.DATAie 

05 YYYY 

3 

4* 

ADD 

DADDR.DATAS 

80 aaOOObbb 
[DISPl [DISPIYY 

3. 4 or 5 

17+EA 

ADD 

DADDR.DATAie 

lOOOOOal aaOOObbb 
[DISPl [DISPl YY[YY] 

3. 4. 5 dr e 

17+EA 

ADD 

DADDR.RB 

00 aadddbbb 
[DISPl [DISPl 

2. 3 or 4 

ie+EA 

ADD 

DADDR.RW 

01 aadddbbb 
[DISPl [DISPl 

2. 3 or 4 

16+EA 

ADD 

RB.DADDR 

02 aasssbbb 
[DISPl [DISPl 

2. 3 or 4 

9+EA 

ADD 

RB.DATA8 

80 llOOOddd YY 

3 

4* 

ADD 

RBD.RBS 

02 lldddsss 

2 

3* 

ADD 

RW.DADDR 

03 aasssbbb 
[DISPl [DISPl 

2, 3 or 4 

9+EA 

ADD 

RW.DATA16 

lOOOOOal llOOOddd 

YY[YY1 

3 or 4 

4* 

ADD 

RWD.RWS 

03 lldddsss 

2 

3* 

AND 

AL.DATAS 

24 YY 

2 

4* 

AND 

AX.DATAie 

25 YYYY 

3 

4* 

AND 

DADDR.DATAS 

80aa100bbb 
[DISPl [DISPj YY 

3, 4 or 5 

17+EA 

AND 

DADDR.DATAie 

81 aalOObbb 
[DISPl [DISPl YYYY 

4, 5 or 6 

17+EA 

AND 

DADDR.RB 

20 aasssbbb 
[DISPl [DISPl 

2.3 or 4 

ie+EA 

AND 

DADDR.RW 

21 aasssbbb 
[DISPl [DISPl 

2.3 or 4 

ie+EA 

AND 

RB.DADDR 

22 aadddbbb 
[DISPl [DISPl 

2. 3 or 4 

9+EA 

AND 

RB.DATA8 

80 inOOsss YY 

3 

4* 

AND 

RBD.RBS 

22 lldddsss 

2 

3* 

AND 

RW.DADDR 

23 aadddbbb 
[DISPl [DISPl 

2. 3 or 4 

9+EA 

AND 

RW.DATAie 

81 inOOsss YYYY 

4 

4* 

AND 

RWD.RWS 

23 lldddsss 

2 

3* 

CALL 

BRANCH 

E8 DISP DISP 

3 

19** 

CALL 

BRANCH.SEGM 

9A ppqqppqq 

5 

28** 

CALL 

DADDR 

FF aaOIObbb 
[DISPl [DISPl 

2. 3 or 4 

21 + EA** 


2068 









Table 20-5. A Summary of 8086 Instruction Object Codes and Execution Cycles (Continued) 



INSTRUCTION 

OBJECT CODE 

BYTES 

CALL 

DADDR.CS 

FF aaOl Ibbb 
[DISP] [DISP] 

2. 3 or 4 

CALL 

RW 

FF llOIOreg 

2 

CBW 


98 

1 

CLC 


F8 

1 

CLD 


FC 

1 

CLI 


FA 

1 

CMC 


F5 

1 

CMP 

AL,DATA8 

3C YY 

2 

CMP 

AX,DATA16 

3D YYYY 

3 

CMP 

DADDR,DATA8 

80aa111bbb 
[DISPl [DISPlYY 

3. 4 or 5 

CMP 

DADDR,DATA16 

lOOOOOal aallibbb 
[DISP] [DISPlYYlYY] 

3. 4. 5 or 6 

CMP 

DADDR.RB 

38 aadddbbb 
[DISP] (DISP) 

2. 3 or 4 

CMP 

DADDR.RW 

39 aadddbbb 
[DISP] [DISP] 

2. 3 or 4 

CMP 

RB.DADDR 

3A aasssbbb 
[DISP] [DISP] 

2. 3 or 4 

CMP 

RB,DATA8 

80 liniddd YY 

3 

CMP 

RBD.RBS 

3A 1 1dddsss 

2 

CMP 

RW.DADDR 

3B aasssbbb 
[DISP] [DISP] 

2. 3 or 4 

CMP 

RW,DATA16 

lOOOOOal liniddd 

YY[YY] 

3 or 4 

CMP 

RWD.RWS 

3B lldddsss 

2 

CMPB 


A6 

1 

CMPW 


A7 

1 

CWD 


99 

1 

DAA 


27 

1 

DAS 


2F 

1 

DEC 

DADDR 

Illl.lllaaaOOIbbb 
[DISP] [DISP] 

2. 3 or 4 

DEC 

RB 

FE llOOIddd 

2 

DEC 

RW 

OlOOIddd 

1 

DIV 

AX.DADDR 

F6 aallObbb 
[DISP] [DISP] 

2. 3 or 4 

DIV 

DX.DADDR 

F7 aallObbb 
[DISP] [DISP] 

2. 3 or 4 

ESC 

DADDR 

1 101 Ixxx aaxxxbbb 
[DISP] [DISP] 

2. 3 or 4 

FALC 


D6 

1 

HLT 


F4 

1 

IDIV 

AX.DADDR 

F6 aal 1 1bbb 
[DISP] [DISP] 

2.3 or 4 

IDIV 

DX.DADDR 

F7 aal 1 1bbb 
[DISP] [DISP] 

2, 3 or 4 

IMUL 

AL.DADDR 

F6aa101bbb 
[DISP] [DISP] 

2.3 or 4 

IMUL 

AX.DADDR 

F7 aalOIbbb 
[DISP] [DISP] 

2,3 or 4 

IN 


EC 

1 

IN 

PORT 

E4 YY 

2 

INC 

DADDR 

IlinilaaaOOObbb 
[DISP] [DISP] 

2, 3 or 4 

INC 

RB 

FE llOOOddd 

2 

INC 

RW 

OlOOOddd 

1 

INT 

3 

CC 

1 

INT 

V 

CD YY 

2 

INTO 


CE ' 

1 

INW 


ED 

1 

INW 

PORT 

E5 YY 

2 

IRET 


CF 

1 


CLOCK 

PERIODS 

37+EA** 

21 + EA** 
5 
2 * 

2 * 

2 * 

2 * 

A* 

4* 

17+EA 

17+EA 

16+EA 

16+EA 

9+EA 

4‘ 

3* 

9+EA 

4* 

3* 

22 

22 

5 

4* 

A* 

15+EA 

2 * 

2 * 

90+EA 

155+EA 

7+EA 

4* 

2 * 

112+EA 

177+EA 

90+EA 

144+EA 

8 

10 

15+EA 

2 * 

2 * 

60 

60 

60 

8 

10 

32** 
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Table 20-5. A Summary of 8086 Instruction Object Codes and Execution Cycles (Continued) 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

JA/JNBE 

DISP8 

77DISP 

2 

4 or 16** 

JAE/JNB 

DISP8 

73 DISP 

2 


JB/JNAE 

DISP8 

72 DISP 

2 


JBE/JNA 

DISP8 

76 DISP 

2 


JCXZ 

DISP8 

63 DISP 

2 


JE/JZ 

DISP8 

74 DISP 

2 


JG/JNLE 

DISP8 

7F DISP 

2 


JGE/JNL 

DISP8 

7D DISP 

2 


JL/JNGE 

DISP8 

7C DISP 

2 


JLE/JNG 

DISP8 

7E DISP 

2 


JMP 

BRANCH 

111010X1 DISP [DISP] 

2 or 3 

15** 

JMP 

BRANCH, SEGM 

EA ppqq ppqq 

5 

15** 

JMP 

DADDR 

. FFaalOObbb 
[DISP] [DISP] 

2, 3 or 4 

15+EA** 

JMP 

DADDR.CS 

FF aalOIbbb 
[DISP] [DISP] 

2, 3 or 4 

24+ E A** 

JMP • 

RW . 

FF inOOreg 

2 

9+EA** 

JNE/JNZ 

DISP8 

75 DISP 

2 

4 or 16** 

JNO 

DISP8 

71 DISP 

2 


JNP/JPO 

DISP8 

6BDISP 

2 


JNS 

DISP8 

79 DISP 

2 


JO ■ 

DISP8 

70 DISP 

2 


JP/JPE 

DISP8 

7A DISP 

2 


JS 

DISP8 

78 DISP 

2 


LAHF 


9F 

1 

4* 

LDS 

RW, DADDR 

C5 aasssbbb 
[DISP] [DISP] 

2, 3 or 4 

16+EA 

LEA 

RW,DADDR 

8D aasssbbb 
[DISP] [DISP] 

2,3 or 4 

2+EA 

LES • 

RW,DADDR 

C4 aasssbbb 
[DISP] [DISP] 

2,3 or 4 

16+EA 

LOCK 


FO 

1 

2* 

LODB 


AC 

1 

12 

LODW 


AD 

1 

12 

LOOP 

DISP8 

E2DISP 

2 

5 or 17** 

LOOPE/LOOPZ 

DISP8 

El DISP 

2 

5 or 19** 

LOOPNE/LOOPNZ 

DISP8 

EO DISP 

2 

5 or 19** 

MOV 

AL, LABEL 

AO ppqq 

3 

8+EA 

MOV 

AX, LABEL 

.A1 ppqq 

3 

8+EA 

MOV 

DADDR, DAT A8 

C6 aaOOObbb 
[DISP] [DISP] YY 

3, 4 or 5 

10+EA 

MOV 

DADDR,DATA16 

C7 aaOOObbb 
[DISP] [DISP] YYYY 

4, 5 or 6 

10+EA 

MOV 

DADDR, RB 

88 aasssbbb 
[DISP] [DISP] 

2, 3 or 4 

9+EA 

MOV 

DADDR, RW 

89 aasssbbb 
[DISP] [DISP] 

2,3 or 4 

9+EA 

MOV 

DADDR,SR 

8C aaOrrbbb 
[DISP] [DISP] 

2, 3 or 4 

9+EA 

MOV 

LABEL,AL 

A2 ppqq 

3 

9+EA 

MOV 

LABEL,AX 

A3 ppqq 

3 

9+EA 

MOV 

RB,DADDR 

8A aadddbbb 
[DISP] [DISP] 

2,3 or 4 

8+EA 

MOV 

RB,DATA8 

lOIIOddd YY 

2 

4* 

MOV 

RBD,RBS 

8 A 1 1dddsss 

2 

2* 

MOV 

RW,DADDR 

8B aadddbbb 
[DISP] [DISP] 

2, 3 or 4 

8+EA 

MOV 

RW,DATA16 

lOlllddd YYYY 

3 

4* 

MOV 

RW,SR 

8C llOrrsss 

2 

2* 

MOV 

RWD,RWS 

8B 1 1dddsss 

2 

2* 

MOV 

SR,DADDR 

8E aaOrrbbb 
[DISP] [DISP] 

2, 3 or 4 

8+EA 

MOV 

SR,RW 

8E llOrrsss 

2 

2* 

MOVB 


A4 

1 

17 
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Table 20-5. A Summary of 8086 Instruction Object Codes and Execution Cycles (Continued) 


INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

MOVW 


A5 

1 

17 

MUL ■ 

AL.DADDR 

F6 aalOObbb 
[DISP] [DISP] 

2, 3 or 4 

71 + EA 

MUL 

AX.DADDR 

F7 aalOObbb 
[DISP] (DISP] 

2, 3 or 4 

124+EA 

NEC 

DADDR 

IlllOllaaaOlIbbb 
[DISP] (DISP] 

2,3 or 4 

16+EA 

NEC 

RB 

F6 llOllddd 

2 

3* 

NEC 

RW 

F7 noilddd 

2 

3» 

NOT 

DADDR 

nnOllaaaOIObbb 
(DISP] (DISP] 

2, 3 or 4 

16+EA 

NOT 

RB 

F6 nOIOsss 

2 

3* 

NOT 

RW 

F7 IIOIOsss 

2 

3* 

OR 

AL,DATA8 

OC YY 

2 

4* 

OR ■ 

AX,DATA16 

OD YYYY 

3 

4* 

OR 

DADDR, DATA8 

80 aaOOIbbb 
[DISP] [DISP] YY 

3, 4 or 5 

17+EA 

OR 

DADDR,DATA16 

81 aaOOIbbb 
[DISP] [DISP] YYYY 

4, 5 or 6 

17+EA 

OR 

DADDR, RB 

08 aasssbbb 
[DISP] (DISP] 

2, 3 or 4 

16+EA 

OR 

DADDR, RW 

09 aasssbbb 
[DISP] [DISP] 

2, 3 or 4 

16+EA 

OR 

RB,DADDR 

OA aadddbbb 
[DISP] [DISP] 

2,3 or 4 

9+EA 

OR 

RB,DATA8 

80 IIOOIssYY 

3 

4» 

OR 

RBD,RBS 

OA lldddsss 

2 

3* 

OR 

RW,DADDR 

OB aadddbbb 
(DISP] [DISP] 

2, 3 or 4 

9+EA 

OR 

RW, DATA 16 

81 1 1 001 sss YYYY 

4 

4* 

OR 

RWD,RWS 

OB 1 1dddsss 

2 

3* 

OUT 


EE 

1 

8 

OUT 

PORT 

E6 YY 

2 

10 

OUTW 


EF 

1 

8 

OUTW 

PORT 

E7 YY 

2 

10 

POP 

DADDR 

8F aaOOObbb 
[DISP] [DISP] 

2, 3 or 4 

17+EA 

POP 

RW 

OlOllddd 

1 

8 

POP 

SR 

OOOrr1 1 1 

1 

8 

POPF 


9D 

1 

8 

PUSH 

DADDR 

FF aallObbb 
[DISP] [DISP] 

2, 3 or 4 

16+EA 

PUSH 

RW 

OlOIOsss 

1 

10 

PUSH 

SR 

OOOrrIlO 

1 

10 

PUSHF 


9C 

1 

10 

RCL 

DADDR,N 

1101 OOva aaOl Obbb 
[DISP] [DISP] 

2, 3 or 4 

15+EA (single) 
or 4/bit+20+EA 

RCL 

RB,N 

1 1 01 OOvO IIOIOsss 

2 

2 * (single) 
or 4/bit+8 

RCL 

RW,N 

IIOIOOvI IIOIOsss 

2 


RCR 

DADDR,N 

11 01 OOva aaOlIbbb 
[DISP] [DISP] 

2, 3 or 4 

15+EA (single) 
or 4/bit+20+EA 

RCR 

RB,N 

IIOIOOvO IIOIIsss 

2 

2* (single) 
or 4/bit+8 

RCR 

RW,N 

IIOIOOvI IIOIIsss 

2 


REP/REPNE/REPNZ 

N 

F3 

1 

+6 per loop 

REPE/REP2 

N 

F2 

1 

+6 per loop 

RET 


C3 

1 

16** 

RET 

CS 

CB 

1 

26** 

RET 

CS,DATA16 

CA YYYY 

3 

25** 

RET 

DATA1 6 

C2 YYYY 

3 

20** 

ROL 

DADDR,N 

1101 OOva aaOOObbb 
[DISP] [DISP] 

2, 3 or 4 

15+EA (single) 
or 4/bit+20+EA 
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Table 20-5. A Summary of 8086 Instruction Object Codes and Execution Cycles (Continued) 



INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

ROU 

RB,N 

IIOIOOvO IIOOOsss 

2 

2* (single) 
or 4/bit+8 

ROL 

RW,N 

IIOIOOvI IIOOOsss 

2 


ROR 

DADDR.N 

llOIOOvaaaOOIbbb 
[DISPl (DISPl 

2.3 or 4 

15+EA (single) 
or 4/bit+20+EA 

ROR 

RB,N 

IIOIOOvO 11 001 sss 

2 

2* (single) 
or 4/bit+8 

ROR 

RW,N 

IIOIOOvI IIOOIsss 

2 


SAHF 


9E 

1 

4* 

SAL/SHL 

DADDR.N 

llOIOOvaaalOObbb 
(DISPl [DISPl 

2. 3 or 4 

15+EA (single) 
or 4/bit+20+EA 

SAL/SHL 

RB,N 

IIOIOOvO 11 lOOsss 

2 

2* (single) 
or 4/bit+8 

SAL/SHL 

RW,N 

IIOIOOvI inoosss 

2 


SAR 

DADDR.N 

llOIOOvaaallIbbb 
(DISPl (DISPl 

2, 3 or 4 

15+EA (single) 
or 4/bit+20+EA 

SAR 

RB.N 

IIOIOOvO inilsss 

2 

2* (single) 
or 4/bit+8 

SAR 

RW,N 

IIOIOOvI linisss 

2 


SBB 

AL.DATAS 

1C YY 

2 

4* 

SBB 

AX.DATAie 

ID YYYY 

3 

4* 

SBB 

DADDR.DATAS 

SO aaOlIbbb 
(DISPl (DISPl YY 

3,4 or 5 

17+EA 

SBB 

DADDR.DATAie 

1 00000a 1 aaOlIbbb 
[DISPl (DISPl YY[YY] 

3, 4. 5 or 6 

17+EA 

SBB 

DADDR.RB 

18 aadddbbb 
(DISPl (DISPl 

2, 3 or 4 

1 6+EA 

SBB 

DADDR.RW 

19 aadddbbb 
[DISPl (DISPl 

2. 3 or 4 

16+EA 

SBB 

RB.DADDR 

1 A aasssbbb 
[DISPl (DISPl 

2, 3 or 4 

9+EA 

SBB 

RB.DATAB 

80 llOllddd YY 

3 

4* 

SBB 

RBD.RBS 

1A 1 1dddsss 

2 

3* 

SBB 

RW.DADDR 

IB aasssbbb 
(DISPl [DISP] 

2, 3 or 4 

9+EA 

SBB 

RW.DATAie 

lOOOOOal llOllddd 

YY(YY1 

3 or 4 

4* 

SBB 

RWD.RWS 

IB 1 Idddsss 

2 

3* 

SCAB 


AE 

1 

15 

SCAW 


AF 

1 

15 

SEG Prefix 

SR 

OOlrrIOl 

1 

+2 

SHR 

DADDR.N 

llOIOOva aalOIbbb 
[DISPl [DISPl 

2, 3 or 4 

15+EA (single) 
or 4/bit+20+EA 

SHR 

RB.N 

IIOIOOvO 11 lOlsss 

2 

2* (single) 
or 4/bit+8 

SHR 

RW.N 

IIOIOOvI niOlsss 

2 

" 

STC 


F9 

1 

2* 

STD 


FD 

1 

2* 

STI 


FB 

1 

2* 

STOB 


AA 

1 

10 

STOW 


AB 

1 

10 

SUB 

AL.DATAS 

2C YY 

2 

4* 

SUB 

AX.DATA16 

2D YYYY 

3 

4* 

SUB 

DADDR.DATAS 

80 aalOlbbb 
(DISPl (DISPl YY 

3. 4 or 5 

17+EA 

SUB 

DADDR.DATAie 

lOOOOOal aalOIbbb 
(DISPl (DISPl YY(YY] 

3. 4. 5 or 6 

17+EA 

SUB 

DADDR.RB 

28 aadddbbb 
(DISPl [DISPl 

2. 3 or 4 

16+EA 

SUB 

DADDR.RW 

29 aadddbbb 
(DISPl (DISPl 

2.3 or 4 

16+EA 

SUB 

RB.DADDR 

2A aasssbbb 
(DISPl [DISP] 

2. 3 or 4 

9+EA 
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Table 205. A Summary of 8086 Instruction Object Codes and Execution Cycles (Continued) 



INSTRUCTION 

OBJECT CODE 

BYTES 

CLOCK 

PERIODS 

SUB 

RB.DATAB 

80 inoiddd YY 

3 

4* 

SUB 

RBD.RBS 

2A lldddsss 

2 

3* 

SUB 

RW.DADDR 

2B aasssbbb 
[DISPl IDISP] 

2. 3 or 4 

9+EA 

SUB 

RW,DATA16 

lOOOOOal inoiddd 

YYIYY] 

3 or 4 

4* 

SUB 

RWD.RWS 

2B lldddsss 

2 

3* 

TEST 

AL.DATAS 

A8 YY 

2 

4* 

TEST 

AX,DATA16 

A9 YYYY 

3 

4* 

TEST 

DADDR,DATA8 

F6 aaOOObbb 
[DISPl [DISPlYY 

3. 4 or 5 

10+EA 

TEST 

DADDR,DATA16 

F7 aaOOObbb 
[DISP] [DISP] YYYY 

4, 5 or 6 

10+EA 

TEST 

DADDR.RB 

84 aaregbbb 
[DISPl [DISPl 

2. 3 or 4 

9+EA 

TEST 

DADDR.RW 

85 aaregbbb 
[DISPl [DISPl 

2. 3 or 4 

9+EA 

TEST 

RB.DATAS 

F6 llOOOreg YY 

3 

4* 

TEST 

RBD.RBS 

84 1 1 regreg 

2 

3* 

TEST 

RW, DATA 16 

F7 llOOOreg YYYY 

4 

4* 

TEST 

RWD.RWS 

85 1 1 regreg 

2 

3" 

WAIT 


9B 

1 

3 

XCHG 

AX.RW 

lOOIOreg 

1 

3» 

XCHG 

RB.DADDR 

86 aaregbbb 
[DISPl [DISPl 

2.3 or 4 

17+EA 

XCHG 

RB.RB 

86 1 1 regreg 

2 

4* 

XCHG 

RW.DADDR 

87 aaregbbb 
[DISPl [DISPl 

2. 3 or 4 

17+EA 

XCHG 

RW.RW 

87 1 1 regreg 

2 

4* 

XLAT 


D7 

1 

11 

XOR 

AL.DATAS 

34 YY 

2 

4* 

XOR 

AX.DATA16 

35 YYYY 

3 

4* 

XOR 

DADDR.DATA8 

80 aaOlObbb 
[DISPl [DISPlYY 

3. 4 or 5 

17+EA 

XOR 

DADDR.DATA16 

81 aaOIObbb 
[DISPl [DISPl YYYY 

4. 5 or 6 

17+EA 

XOR 

DADDR.RB 

30 aasssbbb 
[DISPl [DISP] 

2.3 or 4 

16+EA 

XOR 

DADDR.RW 

31 aasssbbb 
[DISP] [DISP] 

2. 3 or 4 

16+EA 

XOR 

RB.DADDR 

32 aadddbbb 
[DISPl [DISP] 

2. 3 or 4 

9+EA 

XOR 

RB.DATAS 

80 nnOsssYY 

3 

4» 

XOR 

RBD.RBS 

32 lldddsss 

2 

3* 

XOR 

RW.DADDR 

33 aadddbbb 
[DISPl [DISPl 

2. 3 or 4 

9+EA 

XOR 

RW.DATA16 

81 nnOsssYYYY 

4 

4* 

XOR 

RWD.RWS 

33 lldddsss 

2 

3* 













Table 20-6. 8 080 A to 8086 Instruction Mapping 


8080A 

INSTRUCTION 

EQUIVALENT 8086 
INSTRUCTION(S) 

8080A 

INSTRUCTION 

EQUIVALENT 8086 
INSTRUCTION(S) 

IN 

DEV 

IN 

PORT 

■ RM 


JNS 

next-inst 

OUT 

DEV 

OUT 

PORT 



RET 






RP 


JS 

next-inst 

LDAX 

B • 

MOV 

SI,CX 



RET 




LODB 


RPE 


. JPO 

next-inst 

LDAX 

D 

MOV 

, SI.DX 



RET 




LODB 


RPO 


JPE 

next-inst 

STAX 

B 

MOV 

DI,CX 



RET 




STOB 






STAX 

■ D 

MOV 

DI,DX 

ADI 

: DATA 

ADD 

AL.DATAB 



STOB 


ACI 

DATA 

ADC 

AL.DATAB 

MOV 

REG.M 

MOV 

RB.DADDR 

SUI 

DATA 

SUB 

AL.DATAB 

MOV 

M,REG . 

MOV 

DADDR.RB 

SBI 

DATA 

SBB 

AL.DATAB 

LDA 

ADDR 

MOV 

AL, LABEL 

ANI 

DATA 

AND 

AL.DATAB 

STA 

ADDR 

MOV 

LABEL.AL 

XRI 

DATA 

XOR 

AL.DATAB 

LHLD 

ADDR 

MOV 

BX.DADDR 

ORI 

DATA 

OR 

AL.DATAB 

SHLD 

ADDR 

MOV 

^ DADDR.BX 

■ CPI 

DATA 

CMP 

AL.DATAB 

ADD 

M 

ADD 

AL.DADDR 

JC 

ADDR 

JB 

DISP8 *** 

ADC 

M 

ADC 

■ AL.DADDR 

JNC 

ADDR 

JNB 

DISP8 

SUB 

M 

SUB 

AL.DADDR 

JZ 

ADDR 

JZ 

DISP8 

SBB 

M 

SBB 

AL.DADDR 

JNZ 

ADDR 

JNZ 

DISP8 

ANA 

M 

AND 

AL.DADDR 

JP 

ADDR 

JNS 

DISP8 

XRA 

M 

XOR 

AL.DADDR 

JM 

: ADDR 

JS 

DISP8 

ORA 

M 

OR 

AL.DADDR 

JPE 

ADDR 

JPE 

DISP8 

CMP ■ 

M 

CMP 

AL.DADDR 

JPO 

ADDR 

JPO 

DISP8 

INR 

:M 

INC 

DADDR 





DCR 

M 

DEC 

DADDR 

. MOV 

d,s 

MOV 

RBD.RBS 





XCHG 


XCHG 

DX.BX 

LXI 

RP,DATA16 

MOV 

RW,DATA16 

SPHL 


MOV 

SP.BX 

MVl 

M.DATA 

MOV 

DADDR, DATA8 

. ADD 

REG 

ADD 

AL.RBS 

MVI • 

REG, DAT A . 

MOV 

RB.DATAB 

ADC 

REG 

ADC 

AL.RBS 

JMP 

ADDR 

JMP 

. BRANCH •* ■ ■ , • 

. SUB 

REG 

SUB 

AL.RBS 

PCHL 


JMP 

BX 

SBB 

REG 

SBB 

AL.RBS 





ANA 

REG 

AND 

AL.RBS 

CALL 

ADDR 

CALL 

BRANCH 

XRA 

REG 

XOR 

AL.RBS 

CC 

ADDR 

JNB 

next-inst 

ORA 

REG 

OR 

AL.RBS 



CALL 

BRANCH 

CMP 

REG 

CMP 

AL.RBS 

CNC 

ADDR 

JB 

next-inst 

. DAD 

RP 

LAHF 




CALL 

BRANCH 



ADD 

BX.RW 

. CZ 

ADDR 

JNZ 

next-inst 



RCR 

AL 



CALL 

BRANCH 



SAHF 


CNZ ■ 

ADDR ■ 

JZ 

next-inst 



RCL 

AL 



CALL 

BRANCH 



or ADD BX.RW (unlike DAD - 

CP 

ADDR 

JS 

next-inst 



will affect AF.PF.SF.and ZF) 



CALL 

BRANCH 





CM 

ADDR 

JNS 

next-inst 

INR 

REG 

INC 

RB 



CALL 

BRANCH 

DCR 

REG 

DEC 

RB 

CPE 

ADDR 

JPO 

next-inst 

CMA 


NOT 

AL 



CALL 

BRANCH 

DAA 


DAA 


CPO 

ADDR 

JPE 

next-inst 

RLC 


ROL 

AL 



CALL 

BRANCH 

RRC 


ROR 

AL 

RET 


RET 


RAL 


RCL 

AL 





RAR 


RCR 

AL 

RC 


JNB 

next-inst 

INX 

RP 

LAHF 




RET 




INC 

RW 

RNC 


JB 

next-inst 



SAHF 




RET 




or INC RW (unlike INX -will 

RZ 


JNZ 

next-inst 



affect AF, PF, SF, and ZF) 



RET 


DCX 

RP 

LAHF 


RNZ 


JZ 

next-inst 



DEC 

RW 



RET 







20-74 











Table 20-6. 8080A to 8086 Instruction Mapping (Continued) 


Q 

lU 

oc 

o 

Q. 

OC 

o 

u 

z 


lU 

Z 

OC 

o 

00 

V) 

o 


s 

< 

D 

< 




8080A 

INSTRUCTION 

EQUIVALENT 8086 
INSTRUCTION (S) 

8080A 

INSTRUCTION 

EQUIVALENT 8086 
INSTRUCTIQNCS) 


SAHF 

El 

STI 


or DEC RW (unlike OCX - will 

Dl 

CLI 


affect AF.PF.SF. and ZF) 

RST N 

CALL 8^N 

PUSH RP 

PUSH RW 



PUSH PSW 

LAHF 

STC 

STC 


PUSH AX 

CMC 

CMC 

POP RP 

POP RW 



POP PSW 

POP AX • 

NOP 

XCHG AX,AX 


SAHF 

HLT 

HLT 

XTHL 

POP SI 




XCHG BX,SI 




PUSH SI 




*8080A registers map into 8086 registers as follows; 


8080A 

8086 

8080A 

8086 

A 

AL 

L 

BL 

B 

CH 

BC 

CX 

C 

CL 

DE 

DX 

D 

DH 

HL 

BX 

E 

DL 

SP 

SP 

H 

BH 

PC 

IP 


**Addresses on 8086 jumps and calls are adjusted to be self-relative. 

•••Conditional jumps to a location out of the short self-relative range must be implemented by using a reversed -sense conditional jump 
around a normal jump to the location, e.g.: 

JC ADDR becomes JNB next-inst 

JMP BRANCH 


Refer to Table 4-4 for a complete description of 8080A mnemonics shown above. 
Refer to Table 20-4 for a complete description of 8086 mnemonics shown above. 
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1 


18 

2 


17 

3 


16 

4 


15 

5 

8284 

14 

6 


13 

7 


12 

8 


11 

9 


10 


-Vcc( + 5V) 

-XI 

■X2 

■TNK 

•EFI 

•F/C 

-OSC 

-RES 

■RESET 


RESET 

RES 

RDY1, RDY2 

AENi, AB^ 

READY 

XI, X2 

TANK 

EF_1 

F/C 

CLK 

PCLK 

OSC 

CSYNC 

Vqq, gnd 


Control signal output to 8086 
Reset logic input 
Wait state ready inputs 

Address enable qualifiers for RDY1 and RDY2 

Control signal output to 8086 

External crystal connections 

Overtone crystal tank circuit connection 

Alternate clock input 

Clock source select 

MOS level clock signal to 8086 

TTL clock for peripherals 

Crystal oscillator output 

Clock synchronizer 

Power, ground 


Figure 20-13. 8284 Clock Generator and Driver Pins and Signal Assignments 
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THE INTEL 8284 CLOCK GENERATOR/DRIVER 

The 8284 Clock Qenerator/Driver is a standard component that will be present in every 8086 microcomputer 
system. In a multimicroprocessor system, each 8086 microprocessor will have its own 8284 Clock Genera- 
tor/Driver. While one could conceivably have a single 8284 servicing more than one 8086 microprocessor, it will rarely 
make any economic sense to design a system in this fashion. 

Logic implemented on the 8284 Clock Generator/Driver corresponds generally to the block labeled clock logic in 
Figure 20-1. To be completely accurate, however, a small portion of the bus interface logic should also be illustrated as 
provided by the 8284 device. 

Figure 20-12 illustrates 8284 device internal logic. 

The 8284 is manufactured using bipolar technology. It is packaged as a 18-pin DIP. All signals are TTL compatible. 

8284 CLOCK GENERATOR/DRIVER PINS AND SIGNALS 

8284 device pins and signais are illustrated in Figure 20-13. Figure 20-19 illustrates the 8284 device in a single 
8086 microprocessor configuration. 

Signals may be divided between timing and control logic. 

Clock frequency is controlled by a crystal connected across the XI and X2 pins. Clock frequency must be exactly 
three times the required clock period. Since the standard 8086 clock period is 200 nanoseconds, a 15MI-iz crystal fre- 
quency is required. 

If an overtone mode crystal is employed, then it must be supported by an external LC network connected to 
TANK to insure oscillation of the overtone frequency. This is standard clock logic practice; for the 8284 it is il- 
lustrated along with other normal connections in Figure 20-14. 

You have the option of connecting a crystal across XI and X2 in order to generate a fundamental frequency, or you can 
input the fundamental frequency via EFI. The level of F/C determines whether an external crystal or a signal in- 
put will provide the fundamental frequency. If F/C is high, then the fundamental frequency is taken from the EFI in- 
put. If F/C is low, then the crystal connected across XI and X2 provides the fundamental frequency. 

Three clock outputs are generated: 

1) CLK is an MOS level signal designed to meet the requirements of the 8086. 

2) PCLK is a TTL level clock signal, output for support circuits. PCLK runs at half the frequency of CLK, 

3) OSC is an oscillator output running at the crystal or EFI input frequency. 

These timing signals may be illustrated as follows: 
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XI 


X2 


RDY1 


OSC 



CLK 


PCLK 


READY 


RESET' 



NOTES: 

1. should be 3 to 1 0 pF 

2. C(-> (when used) should be 1 to 10 nF 

3. Cpj and Rp determine Reset time constant 

4. Cj and Lj determine tank frequency: fo = 

2 Try L-rC-r 
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In multi-CPU configurations you will probably need to synchronize ali 8086 clock signals. SYNCHRON- 

You use the CSYNC signal for this purpose. When CSYNC is input high, logic internal to the IZING 

8284 Clock Generator/Driver is stopped. When CSYNC subsequently goes low, clock outputs MULTI-8086 

restart. If the same CSYNC signal is input to a number of 8284 devices that receive the same EFl CLOCK 

input, then all microprocessors in a multi-CPU configuration will be exactly synchronized. Ap- SIGNALS 

propriate logic is illustrated in Figure 20-15. 

Note that you cannot use individual crystals for 8284 Clock Generator/Drivers that are supposed to be synchronized 
with each; minor variations in crystal frequency, which must occur, will quickly distort clock signal synchronization. 
You can use a crystal to generate the fundamental frequency for one 8284 Clock Generator/Driver, then use the OSC 
output of this Clock Generator/Driver as the EFl input to other 8284 Clock Generator/Drivers. 

The 8086 requires its RESET input to be s ynchronized with clock logic. The 8284 will 8086 

receive an asynchronous Reset input at RES and will generate synchronized RESET output RESET 

which the 8086 requires. Appropriate logic is illustrated in Figure 20-14. Timing is illustrated in 
the data sheets at the end of the chapter. - 


The 8284 RES inpu t need not make a sharp transition. The 8284 inputs RES to a Schmit trigger that generates the 
RESET output. RES can make a slow low-to-high transition. 



Figure 20-1 5. Clock Synchronization Logic in a Multi-CPU 8086 Configuration 


We have described earlier in this chapter how external logic can extend a bus cycle by inserting 8284 
Wait clock periods between T3 and T4. Figure 20-9 illustrates the READY input which controls WAIT STATE 

Wait states within the 8086 bus controller. As illustrated in Figure 20-9, the 8086 READY input LOGIC 

must be synchronized with the clock signal. The 8284 Clock Generator/Driver outputs an ap- 

propriately synchronized READY signal to the 8086. The 8284 creates its READY output from one of two inputs: 
RDY1 or RDY2. The 8284 has two READY inputs to support MULTIBUS configurations, as illustrated in Figure 20-22. 
A single 8086 may connect to two separate System Busses. Memory or I/O devices attached to either bus may wish to 
create a Wait state within a bus cycle. Each System Bus may theref ore h ave its own READY line. In order to arbitrate 
bus priorities, RD Y1 and RDY2 have companion enable signals AEN 1 and AEN2, resp ectivel y. The 8284 will respond to 
RDY1 only when AEN1 is low. Similarly, the 8284 will respond to RDY2 only when AEN2 is low. 

AEN1 and AEN2 are general bus priority signals which you must generate through your own bus priority arbitration 
logic. We will describe these two signals, and methods of generating them, later in this chapter. 
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THE INTEL 8288 BUS CONTROLLER 

In maximum 8086 configurations, where the 8086 MN/MX signal is low, you must use an 8288 Bus Controller 
in order to decode the SO, SI and S2 status lines, and thus create System Bus control signals. You can also use 
the 8288 Bus Controller in order to connect more than one 8086 to a single System Bus, or in order to create 
more than one System Bus for a single 8086. 

Although the primary purpose of the 8288 Bus Controller is to decode the three 8086 status signals SO, S1 and 
S2, a simple 1-of-8 decoder could accomplish this limited task. The 8288 has these additionai capabilities: 

1) The 8288 can generate control signals for a System Bus or an 1/0 device only bus. 

2) You can float a System Bus's control signals to enable direct memory access, or to arbitrate bus priorities. 

3) The two Write control lines have alternate advanced outputs designed for slow memories or I/O devices. 

4) You can supress control signals as a means of implementing memory protect logic in multi-bus or multimicropro- 
cessor configurations. 

5) The 8288 generates control signals needed by line drivers. 

6) The 8288 generates control signals needed by simple or complex interrupt logic. 

The 8288 Bus Controller is manufactured using bipolar technology. It is packaged as a 20-pin DIP. All signals are TTL 
compatible. 

8288 BUS CONTROLLER SIGNALS AND PIN ASSIGNMENTS 

Figure 20-16 illustrates 8288 Bus Controller signals and pin assignments. Figure 20-20 illustrates an 8288 with- 
in an 8086 microcomputer system. 


lOB 

CLK 

SI 

DT/R 

ALE 

AETT 

MRDC 

AMWC 

MWTC 

GND 


Signal 

Function 

Direction 

SO, SI , S2 

Bus cycle state signals 

Input 

CLK 

TTL clock signal 

Input 

AEN 

Bus priority control/enable 

Input 

CEN 

Command enable 

Input 

lOB 

Mode control 

Input 

MRDC 

Memory read strobe 

Output, tristate 

MWTC 

Memory write strobe 

Output, tristate 

AMWC 

Early memory write strobe 

Output, fristate 

lORC 

I/O read strobe 

Output, tristate 

Towc 

I/O write strobe 

Output, tristate 

AIOWC 

Early I/O write strobe 

Output, tristate 

TiTTa 

Interrupt acknowledge 

Output, tristate 

MCE/PDEN 

Cascade/peripheral data enable 

Output 

ALE 

Address latch enable 

Output 

dt/'r 

Data direction control 

Output 

DEN 

Data buffer enable 

Output 

Vec, gnd 

Power, ground 



Figure 20-16. 8288 Bus Controller Pins and Signal Assignments 
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Control signals are generated from SO, SI and S2 as follows: 


SO 

SI 

S2 

8086 State 

8288 Control Output 

0 

0 

0 

Interrupt acknowledge 

INTA and MCE 

0 

0 

1 

I/O read 

lORC 

0 

1 

0 

I/O write 

lOWC, AlOWC 

0 

1 

1 

Halt 

None 

1 

0 

0 

Code access 

MRDC 

1 

0 

1 

Memory read 

MRDC 

1 

1 

0 

Memory write 

MWTC, AMWC 

1 

1 

1 

No operation 

None 


8288 and 8086 control signal tinning is essentially the same. For details, see the data sheets given at the end of this 
chapter. 

If you look again at the Read and Write bus cycle timing descriptions given earlier in this chapter 
for the 8086 you will see that Read control signals pulse low approximately one clock period 
earlier than Write control signals. The 8288 creates two alternate Write control signals whose 
timing is the same as the Read control signals. These alternative Write control signals are refer- 
red to as advanced Write control signals, because they go low one clock pulse in advance of the 
standard Write control signals. 

We can thus summarize 8288 System Bus control signals as follows: 

MRDC is the memory read control. 

MWTC is the memory write control. 

AMWC is a memory write control whose timing conforms to MRDC. 

INTA is a memory read control signal which is output during the two interrupt acknowledge bus cycles. 
lORC is an I/O device read control signal. 
lOWC is an I/O device write control signal. 

AlOWC is an alternative I/O device write control signal with timing that conforms to lORC. 

Devices connected to a bus are likely to use both lOWC and MWTC or AlOWC and AMWC, but not all four signals. 
That is, you will use either the normal write control signals or you will use the advanced write control signals. 

All 8288 control signals are tri-state. They can be disabled and thus disconnected from the System Bus. 

You have two control options which modify the control signal logic of the 8288 Bus Controiler. 

Using the lOB pin, you can operate the 8288 device in I/O bus mode or in System Bus mode. 

Using the CEN pin, you can suppress controi signals. 

Let us examine each of these capabiiities in turn. 

When the lOB pin is con nected t o -F5V, the 8288 Bus Controller generat es an I /O bu s . lOB high 
floats M RDC. MWTC and AMWC all of the time, but continuously outputs INTA, lORC, lOWC and 
AlOWC. In I/O bus mode, these four I/O control signals cannot be floated. Since the four I/O con- 
trol lines will always be active, it is assumed that the I/O bus generated by an 8288 is a local bus. You cannot share this 
local I/O bus with another microprocessor, nor can it be used by direct memory access logic. 

The 8288 I/O bus has two control signals, PDEN and DT/R, which drive I/O ports and line drivers. DT/R, which we have 
described for the 8086, is used to control a bidirectional bus driv er. Wh en high, DT/R puts the bus driver i n outp ut 
mode, while when low, DT/R puts the bus driver in input mode. PDEN pulses low as a data enable signal. PDEN is 
equivalent to DEN, the standard bus data enable signal output by the 8086. 

When lOB is low, a no rmal Sy stem Bus is generated. All seven control signals are active; however, AEN is a bus enable 
control (much as the BUSEN input is used by the 8228 Bus Controller in an 808A system). 


8288 I/O 
BUS MODE 


8288 

ADVANCED 

WRITE 

CONTROL 

SIGNALS 
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AEN is inactive when lOB is high and an I/O bus is being generated. AEN is active only when lOB is low and a System 
Bus is generated. 

When lOB is low and AEN is high, all contro l sign als are floated. When lOB is low and AEN is low, control signals are 
connected to the System Bus. You will use AEN to implement bus priority arbitration logic, or direct memory access 
logic, as described later in this chapter. 

CEN is used to disable, but not float, control signals. CEN can be used when an 8288 is 
generating a System Bus or an I/O bus. CEN will normally be high. When CEN is low, control 
signals are inactive. CEN does not float signals: it just disables the logic which might other- 
wise have made a control signal pulse low. 

Table 20-7 summarizes the effect of lOB and CEN on control signals generated by the 8288 
Bus Controller. 


Table 20-7. Effect of lOB, CEN and AEN on Control Signals Output by the 8288 Bus Controller 


CONTROL INPUT 

EFFECT ON CONTROL OUTPUT 

lOB 

CEN 

AEN 

INTA, lORC, lOWC, AlOWC 

MRDC, MWTC.AMWC 

Mode 

Floated? 

Active? 

Mode 

Floated? 

Active? 

0 

0 

0 

System 

Floated 

Active 

System 

Floated 

Active 

0 

0 

1 

System 

Floated 

Inactive 

System 

Floated 

Inactive 

0 

1 

0 

System 

Connected 

■ Active 

System 

Connected 

Active 

0 

1 

1 

System 

Connected 

Inactive 

System 

Connected 

Inactive 

' 1 

0 

0 

I/O 

Floated 

Active 

Not Used 

Floated 

Inactive 

1 . 

0 

1 

I/O 

Floated 

Active 

Not Used 

Floated 

Inactive 

1 

1 

0 

I/O 

Connected 

Active 

Not Used 

Floated 

Inactive 

1 

1 

1 

I/O 

Connected 

Active 

Not Used 

Floated 

Inactive 


8288 BUS 
CONTROLLER 
MEMORY 
PROTECT 


The CEN control enables memory mapping. Here are some possibilities: 

1) In multi-bus configurations, one block of memory addresses may access memory on two or more busses. In order to 
avoid contentions, you can use the CEN signal to selectively disable busses so that only one bus will actually res- 
pond when the 8086 accesses duplicated memory addresses. 

2) Privileged memory is frequently present in large microcomputer systems. Privileged memory is likely to become 
more common in microcomputer systems as they grow larger. Privileged memory is memory which can be ac- 
cessed only under special circumstances. Frequently, system programs are run out of privileged memory, while ap- 
plication programs are run out of non-privileged memory. This prevents errors in application programs from 
destroying system programs: it also prevents unauthorized access of reserved memory spaces. 

DT/R and DEN, the two standard buffer control signals, are generated by the 8288 when it is creating a normal 
System Bus. These two control signals, wh^ generated by the 8288 Bus Controller, are identical in form and purpose 
to the signals which the 8086 creates. DT/R determines the data direction for bidirectional buffers, while DEN is a 
latching strobe. 

The 8288 generates two interrupt control sign als: iN TA and MCE. INTA is active on a 
System Bus or an I/O Bus. MCE shares a pin with PDEN and is active only on a System Bus. 

As we discussed earlier in this chap ter, th e 8086 executes two bus cycles when acknowle dging 
an interrupt. During each bus cycle, INTA is output as a low read pulse. On the second low INTA 

pulse, the a ckno wledged device must return an 8-bit code which the 8086 uses as an interrupt 

vector. The INTA control signal which is generated by the 8288 Bus Controller is identical to the 8086 INTA control sig- 
nal and serves the same purpose, on a System Bus or an I/O Bus. The MCE control signal has been added for use in 
large 8086 microcomputer systems that use a variation of the 8259A Priority Interrupt Control Unit. (The 8259A Priority 
Interrupt Control Unit is described in Chapter 4.) When you have a master 8259A Priority In terrup t Control Unit and 
slave 8259A Priority Interrupt Control Units, you will use MCE as a control to the master, while INTA becomes a control 
to the slaves. The 8086 version of the 8259A Priority Interrupt Control Unit is not described , in this chapter. We will 
therefore defer further discussion of the MCE signal until a subsequent revision of this chapter. 


8288 BUS 
CONTROLLER 
INTERRUPT 
SIGNALS 
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THE 8282/8283 8-BIT INPUT/OUTPUT PORT 

These are simple unidirectional 8-bit latch buffers. The 8283 inverts inputs in order to create outputs; the 8282 
does not. That is the only difference between these two devices. 

Both devices have three-state outputs. When a device is not selected, its outputs are floated. 

These devices are manufactured using bipolar technology. All signals are TTL compatible. Outputs have a high drive- 
capability, as defined in the data sheets at the end of this chapter. The devices are packaged as 20-pin DIPs. 

THE 8282/8283 INPUT/OUTPUT PORT PINS AND SIGNAL ASSIGNMENTS 

Figure 20-17 illustrates the pins and signal assignments for the 8282 and 8283 8-bit input/output ports. 

Data must be input at DI0-DI7. 

When STB is high, the internal latches appear transparent and data on the output pins track data on the input pins. The 
transition from high to low of STB latches the data. The outputs remain stable while STB is low. 

Data which is latched internally is output when CS is low. The 8282 outputs data unaltered, while the 8283 inverts 
the data. 

Were you to simply ground OE and tie STB to +5V. the 8282 or 8283 I/O ports will function as simple bus drivers. The 
outputs will continuously track the inputs, but will support heavier signal loads. 

If you Jje STB high, but use the low OE pulse, then input data is constantly available but outputs only become valid 
while OE is low. Timing may be illustrated as follows: 
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Vcc ( + 5V) 

DOO 

D01 

D02 

D03 

D04 

DOS 

DOS 

D07 

STB 


Pin Name 

Description 

Type 

DI0-DI7 

Data input 

Input 

DO0-DO7 

Data output 

Output, tristate 

OE 

Output Enable 

Input 

STB 

1 nput data strobe 

Input 

Vcc. ONO 

Power, ground 



Figure 20-17. 8282 and 8283 Input/Output Port Pins and Signal Assignments 


When the Strobe and Output Enable signal are both active, I/O port logic may be illustrated as follows: 
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Vcc 

BO 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

T 


Pin Name Description 


Type 


A0-A7 

^-B7 

OE 

T 

Vcc. GND 


Local Bus 
System Bus 
Output Enable 
Direction select 
Power, ground 


Bidirectional, tristate 
Bidirectional, tristate 
Input 
Input 


Figure 20-18. 8286 and 8287 Bidirectional Bus Transceiver Pins and Signal Assignments 


THE 8286/8287 8-BIT BIDIRECTIONAL BUS TRANSCEIVERS 


These two devices are used to buffer bidirectional lines on a System Bus. The 8286 transmits data unaltered, 
while the 8287 inverts the data. The two devices are otherwise the same. 

The 8286 and 8287 bidirectional bus drivers are manufactured using bipolar technology. All pins are TTL-compatible. 
The devices are packaged as 20-pin DIPs. 

8286 AND 8287 BIDIRECTIONAL BUS TRANSCEIVER PINS 
AND SIGNAL ASSIGNMENTS 

Figure 20-18 illustrates pins and signal assignments for the 8286 and 8287 bidirectional bus drivers. 

A0-A7 constitute eight parallel data lines that connect with the microprocessor Data/Address Bus. B0-B7 con- 
stitute eight equivalent lines that connect with the System Bus. System Bus outputs have a higher line drive 
capability (as defined in the data sheets at the end of this chapter); otherwise, there is no difference between the two 
busses. 

When the T input is low, data arriving at the B pins is output via the A pins . When T is high, data arriving at the A 
pins is output via the B pins. The actual data transfer occurs on ly w hile OE is low. When used as an 8086 Data Bus 
tranceiver, T should be connected to DT/R and OE connected to DEN. 
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SOME 8086 MICROPROCESSOR BUS CONFIGURATIONS 


We are now going to look at some 8086 microprocessor bus configurations. 

The flexibiiity of the 8086 gives rise to such a bewildering array of system configuration possibilities that a 
whole book could be written on the subject. We are going to fulfill the more limited objective of identifying 
possibilities. 

Figure 20-19 illustrates the simplest case. Here we are using the 8086 to generate a simple microcomputer system. 
Addresses taken off the bidirectional 8086 Data/Address Bus are unidirectional. We therefore use 8282 I/O ports to 
latch addresses of the 8086 Data/Address Bus. In Figure 20-19, we show just two 8282 I/O ports generating a 1 6-line 
Address Bus. Address lines A16 through A19 are wasted. By adding one more, 8282 I/O port to the logic in Figure 
20-19, you could include the four missing Address Bus lines. 



Figure 20-19. Generating a System Bus for a Simple 8086 Configuration 
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In Figure 20-1 9, we ground the Output Enable inputs of the 8282 I/O ports; the Address Bus will therefore never be flo- 
ated. We use the 8086 ALE pulse to strobe addresses into the 8282 I/O ports. 

Since the Data Bus is bidirectional, we use 8286 bidirectional Bus Transceivers in order to create a separate Data Bus 
from the 8086 Address/Da ta Bu s. Two 8286 bidirectional Bus Transceivers_are required to create the 1 6-line Data Bus. 
We can use the DT/R and DEN outputs of the 8086 as the 8286 T and CS inputs. 

2 We can now illustrate timing for creation of the Address Bus and Data Bus during a read bus cycle, as follows: 

H 

< 

C 

o 

Q. 

OC 



The simple system illustrated in Figure 20-19 will not make use of the dual READY clock logic. A single READY input is 
connected to RDY1 , and both of the READY enables are grounded. Thus, the 8086 READY input will be created directly 
from the 8284 RDY1 input. 
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Figure 20-20 illustrates a slightly more complex 8086 microcomputer_configuration. Figure 20-20 uses an 8288 
Bus Controller to generate System Bus control signals. The DEN, DT/R, and ALE control outputs, which in Figure 
20-19 were generated by the 8086 microprocessor, are now generated by the 8288 Bus Controller. 

As a stand-alone microcomputer configuration. Figure 20-20 offers little or no advantage over Figure 20-19. In a single 
bus, single 8086 microcomputer configuration, there is no compelling reason to use the 8288 Bus Controller. All it does 
is add an extra component to the system without offering any significant logic enhancement. 



Figure 20-20. Generating a System Bus in an 8086 Microcomputer System Using an 8288 Bus Controller 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 

. 8086 CPU 
. 8282/8283 I/O Ports 

• 8284 Clock Generator 

• 8286/8287 Bidirectional Bus Drivers 

• 8288 Bus Controller 
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8086 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0*C to 70"C 

Storage Temperature -65*C to + 150”C 

Voltage on Any Pin with 

Respect to Ground - 0.3 to + 7V 

Power Dissipation 2.5 Watt 



' ■. ' 

'COUUENT: Stresses above those listed under “Absolute Maximl^'’. 
Ratings" may cause permanent damage to the device. This I s' a stress’’ 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS 

8086-4: Ta = O’C to 50’C, Vcc = 5V ±5%, Vss = OV 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

l|L 

Input Low Voltage 

-0.5 

-fO.8 

V 


V|H 

Input High Voltage 

2.0 

Vcc + 0.5 

V 


VoL 

Output Low Voltage 


0.45 

V 

Iql = 2.0 mA 

VOH 

Output High Voltage 

2.4 


V 

Iqh 7 400 pA 

Ice 

Power Supply Current 


275 

mA 


Ili 

Input Leakage Current 


±10 


< 

Z 

II 

< 

o 

o 

•lo 

Output Leakage Current 


±10 

M 

0.45V < VouT ^ Vcc 

VCL 

Clock Input Low Voltage 

-0.5 

-hO.6 

V 


VCH 

Clock Input High Voltage 

d 

1 

o 

o 

> 

Vcc+ TO 

V 


C|N 

Capacitance of Input Buffer 
(All input except 

ADq-ADis, RQ/GT) 


10 

PF 

1 

fc = 1 MHz 

C|o 

Capacitance of I/O Buffer 
(ADo-AD,5, RQ/GT) 


20 

pF 

fc = 1 MHz 


Data sheets on pages 20-D2 through 20-D15 reprinted by permission of Intel Corporation, Copyright 1978. 
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8086 


A.C. CHARACTERISTICS 

8086-4: Ta = 0°C to SO-C, Vcc = 5V ±5%, Vss = OV 

8086 MINIMUM COMPLEXITY SYSTEM (Figure 8) 
TIMING REQUIREMENTS 


Symbol 

Parametor 

Min. 



Test Conditions 

TCLCL 

CLK Cycle Period 

200 

1^^ 

ns 


TCL1CH1 

CLK Low Time 

115 



TCH2CL2 

CLK High Time 

60 



TCH1CH2 

CLK Rise Time 


m 


From VCLmax + -4 to VCH^in - 1 -0 

TCL2CL1 

CLK Fall Time 


m 


From VCHmin - 1 .0 to VCL^ax + -4 

TDVCL 

Data In Setup Time 

30 

1 



TCLDZ 

Data In Hold Time 

10 



TR1VCL 

RDY Setup Time into 8284 (SEE NOTES 1,2) 

50 



TCLR1X 

RDY Hold Time into 8284 (SEE NOTES 1,2) 

0 



TRYVCH 

READY Setup Time into 8086 

TCLICHI-fIO 



TCHRYX 

READY Hold Time into 8086 

TCLCL -F 30 



THVCH 

HOLD Setup Time 

35 



TIVCH 

INTR, NMI, TEST Setup Time (SEE NOTE 2) 

30 






TIMING RESPONSES 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

TCLAV 

Address Valid Delay 

15 

110 

ns 

Cl= 100 pF 

TCLAX 

Address Hold Time 

10 


ns 

TCLAZ 

Address Float Delay 

TCLAX 

80 

ns 

TLHLL 

ALE Width ' 

TCL1CH1-20 


ns 

TCLLH 

ALE Active Delay 


80 

ns 

TCHLL 

ALE Inactive Delay 


85 

ns 

TLLAZ 

ALE Inactive to Address Float 

TCH2CL2-10 


ns 

TCLDV 

Data Valid Delay 

15 

110 

ns 

TCHDZ 

Data Float Delay 

TCLAX 


ns 

TWHDZ 

Data Hold Time After WR 

TCL1CH1-30 

85 

ns 

TCVCTV 

Control Active Delay 1 

10 

110 

ns 

TCHCTV 

Control Active Delay 2 

15 

110 

ns 

TCVCTX1 

Control Hold Time 

10 


ns 

TCVCTX2 

Control Inactive Delay 

10 

110 

ns 

TAZRL1 

Address Float to READ Active 

0 


ns 

TCLRL2 

RD Active Delay 

10 

165 

ns 

TCLRH 

RD Inactive Delay 

10 

150 

ns 

TRHAV 

RD Inactive to Next Address Active 

TCLCL -45 


ns 


NOTES: 1. SIGNAL AT 8284 SHOWN FOR REFERENCE ONLY. 

2. SETUP REQUIREMENT FOR ASYNCHRONOUS SIGNAL ONLY TO GUARANTEE RECOGNITION AT NEXT CLK. 
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8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) (Figure 9) 
TIMING REQUIREMENTS 


Symbol 

Parameter | 

Min. 

Max. 

Units 

Jest Conditions 

TCLCL 

CLK Cycle Period 

200 

2000 

ns 


TCL1CH1 

CLK Low Time 

115 


ns 

TCH2CL2 

CLK High Time 

60 


ns 

TCH1CH2 

CLK Rise Time 


to 

ns 

FromVCL^ax-'-''»°VCH^in-10 

TCL2CL1 

CLK Fall Time 


to 

ns 

FromVCH^in-1.0toVCL^ax+'‘ 

TDVCL 

Data In Setup Time 

30 


ns 


TCLDZ 

Data In Hold Time 

10 


ns 

TR1VCL 

RDY Setup Time into 8284 (See Notes 1,2) 

50 


ns 

TCLR1X 

RDY Hold Time Into 8284 (See Notes 1,2) 

0 


n? 

TRYVCH 

READY Setup Time into 8086 

TCL1CH1 + 10 


ns 

TCHRYX 

READY Hold Time Into 8086 

TCLCL + 30 


ns 

TIVCH 

Setup Time for Recognition (INTR, NMI, 
TESTKSee Note 2) 

30 


ns 

TGVCH 

RQ/GT Setup Time 

35 


ns 


TIMING RESPONSES 


Symbol 

Paramatar 

Min. 

Max. 

Units 

Test Conditions 

TCHSV 

Status Active Delay 

10 

110 

ns 

Local Bus & Control 

Cl=100pF 

8288 RD, WR, & 

INTA Signals 
(See Note 1) 

Cl =300 pF 

Ini =32 mA 
'0H= -2 mA 

8288 Other 
(See Note 1) 

Cl = 80 pF 
Iol=10'tiA 
'OH= ~ 1 

TCLSX 

Status Inactive Delay 


130 

ns 

TCLAV 

Address Valid Delay 

15 

110 

ns 

TCLAX 

Address Hold Time 

10 


ns 

TCLA2 

Address Float Delay 

TCLAX 

80 

ns 

TSVLV 

Status Valid to ALE Valid (See Note 1) 


15 


TCLLA 

CLK Valid to ALE Active (See Note 1) 

0 



TCLLV 

CLK Valid to ALE Valid (See Note t) 


15 


TCHLL 

ALE Inactive Delay (See Note 1) 


15 

ns 

TCLDV 

Data Valid Delay 

15 

110 

ns 

TCHDZ 

Data Float Delay 

TCLAX 

85 

ns 

TCVCTV 

Control Active Delay 

10 

35 

ns 

TCVCTX1 

Control Hold Time 

10 


ns 

TCVCTX2 

Control Inactive Delay 

10 

40 

ns 

TAZRL1 

Address Float to Read Active 

0 


ns 

TCLRL2 

RD Active Delay 

10 

165 

ns 

TCLRH 

RD Inactive Delay 

10 

150 

ns 

TRHAV 

RD Inactive to Next Address Active 

TCLCL- 45 



TCHDCV1 

Direction Control Active Delay (SEE NOTE 1) 


50 

ns 

TCHDCV2 

Direction Control Inactive Delay (SEE NOTE 1) 


30 

ns 

TCVEV 

Data Enable Active Delay (SEE NOTE 1) 

5 

45 

ns 

TCVEX 

Data Enable Inactive Delay (SEE NOTE 1) 

10 

45 

ns 

TCLGV 

GT Active Delay 


85 

ns 

TCLGX 

GT Inactive Delay 


85 

ns 

TCHMV 

Master Cascade Enable Delay (SEE NOTE 1) 


TCHSV + TSVLV 

ns 

TCLMV 

CLK Low to Master Cascade Enable 
(SEE NOTE 1) 

0 


ns 


NOTES; 1. SIGNAL AT 8284 OR 8288 SHOWN FOR REFERENCE ONLY. 


2. SETUP REQUIREMENT FOR ASYNCHRONOUS SIGNAL ONLY TO GUARANTEE RECOGNITION AT NEXT CLK. 
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Figure 8. 8086 Bus Timing — Minimum Mode System 
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Figure 9. 8086 Bus Timing — Maximum Mode System (Using 8288) 
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NOTE: 

1. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK 

Figure 10. Asynchronous Signal Recognition 



NOTES: 

1. THE 80806 FLOATS S^, S^ FROM 1.1.1 STATE ON THIS EDGE 

2. THE 8086 FLOATS AxDx BUS, BHE, AND LOCK ON THIS EDGE 

3. THE OTHER MASTER FLOATS S^, §7, FROM 1.1.1 STATE ON THIS EDGE 

4. THE OTHER MASTER FLOATS AxDx BDS, BHE, AND LOCK ON THIS EDGE 


Figure 12. Request/Grant Sequence Timing (Maximum Mode Only) 
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8282/8283 


D.C. CHARACTERISTICS FOR 8282/8283 

Conditions: Vcc = 5V ±10%, Ta = 0“Cto70°C 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 

Vc 

Input Clamp Voltage 


-1 

V 

Ic = -5 mA 

•cc 

Power Supply Current 


160 

mA 


If 

Forward Input Current 


-0.2 

mA 

Vp = 0.45V 

Ir 

Reverse Input Current 


50 

fA 

Vr = 5.25V 

VoL 

Output Low Voltage 


0.50 

V 

Iql = 32 mA 

VOH 

Output High Voltage 

2.4 


V 

Iqh = — 5 mA 

•off 

Output Off Current 


50 

rA 

Vqff = 0.45 to 5.25V 

V|L 

Input Low Voltage 


0.8 

V 


V|H 

Input High Voltage 

2.0 


V 


C|N 

Input Capacitance 


12 

pF 

F=1 MHz 

Vb,as=2.5V, Vcc=5V 

Ta = 25-C 


A.C. CHARACTERISTICS FOR 8282/8283 

Conditions: Vcc = 5V ± 10%, Ta = 0°C to 70 “C 
Loading: Outputs — Iql = 32 mA, Iqh = - 5 mA, Cl = 300 pF 


Symbol 

Parameter 

Min 

Max 

Units 

TIVOV 

Input to Output Delay 





Inverting 


25 



Non-Inverting 


35 


TSHOV 

STB to Output Delay 





Inverting 


45 



Non-Inverting 


55 


TEHOZ 

Output Disable Time 


25 

ns 

TELOV 

Output Enable Time 

10 

50 

ns 

TIVSL 

Input to STB Setup Time 

0 


ns 

TSLIX 

Input to STB Hold Time 

25 

1 

ns 


Notes: 1. See waveforms and test load circuit on following page. 
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OUTPUT TEST LOAD CIRCUITS 


3-STATE TO Vql 


3 STATE TO Vqh 


D.C. CHARACTERISTICS FOR 8284 

Conditions: Ta = 0*C to 70'C: Vcc = 5 ± 10% 


Symbol 

Parameter 

Mln 

Max 

Units 

Test Conditions 

If 

Forward Input Current 


-0.5 

mA 

Vf = 0.45V 

Ir 

Reverse Input Current 


50 

mA 

Vr= 5.25 V 

Vc 

Input Forward Clamp Voltage 


-1.0 

V 

lc= -5 mA 

Ice 

Power Supply Current 


140 

mA 


V|L 

Input LOW Voltage 


0.8 

V 

Vcc=5.0V 

V|H 

Input HIGH Voltage 

2.0 


■Ql 

Vcc = 5.0V 

V.H„ 

Reset Input HIGH Voltage 

2.6 


V 

Vcc=5.0V 

VoL 

Output LOW Voltage 


0.45 


5 mA 

VOH 

Output HIGH Voltage CLK 

Vcc-0.5 


■■ 

- 1 mA 


Other Outputs 

2.4 


mM 

- 1 mA 

Vihr-Vilr 

RES Input Hysteresis 

0.25 


■■ 

Vcc=5.0V 
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8284 


A.C. CHARACTERISTICS FOR 8284 

Conditions: Ta=0'’C to 70'C; Vcc=5 ± 10 % 

TIMING REQUIREMENTS 


Symbol 

Parameter 

Min 

Max 

Units 

1 Test Conditions 

TEH2EL2 

External Frequency High Time 

20 


ns 


TEL1EH1 

External Frequency Low Time 

20 


ns 


TELEL 

EFI Period 

TEH2EH2-fTEL1EH1-Kj 


ns 

(Note 1) 


XTAL Frequency 

12 

25 

MHz 


TR1VCL 

RDY1, RDY2 Set-Up to CLK 

45 


ns 


TCLR1X 

RDY1, RDY2 Hold to CLK 

0 


ns 


TNVR1V 

T^ERi, AEn 2 Set-Up to RDY1 , RDY2 

15 


ns 


TCLNX 

AENi, AEN2 Hold to CLK 

0 


ns 


TYHEH 

CSYNC Set-Up to EFI 

20 


ns 


TEHYL 

CSYNC Hold to EFI 

20 


ns 


TYLEH 

CSYNC Width 

2'c 


ns 


TCLI1H 

RES Set-Up to CLK 

50 


ns 

(Note 2) 

TI1HCL 

RES Hold to CLK 

20 


ns 

(Note 2) 


TIMING RESPONSES 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 

TCLCL 

CLK Cycle Period 

125 


ns 


TCH2CL2 

CLK High Time 

(TCLCU3)-11.7 


ns 


TCL1CH1 

CLK Low Time 

(TCLCU3)-23.3 


ns 


TCH1CH2 

TCL2CL1 

CLK Rise and Fall Time 


10 

ns 


TPH2PL2 

PCLK High Time 

TCLCL- 20 


ns 


TPL1PH1 

PCLK Low Time 

TCLCL- 20 


ns 


TRYHCL 

Ready Set-Up to CLK 

0 


ns 


TCLRYL 

Ready Hold to CLK 

TCLCL -t- 30 


ns 1 


TELRYL 

EFI to Ready Inactive Delay 


60 

ns 1 


TCLIL 

CLK to Reset Delay 

40 


ns 



Note; 1. (i = EFl rise + EFI fall. 


2. Violating these parameters will not create metastable conditions. 



ALL MEASUREMENTS ARE MADE AT 1.5 VOLTS, EXCEPT Ti, T2 , Tr, Tr WHICH ARE MADE AT 0.8 AND 3.5 VOLTS. 

Figure 3 
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8286/8287 

D.C. CHARACTERISTICS FOR 8286/8287 

Conditions: Vcc = 5V ± 10%, Ta = 0*C to 70*C 


Symtiol 

Parameter 

Min 

Max 

Units 

Test Conditions 

Vc 

Input Clamp Voltage 


-1 

V 

Ic = -5 mA 

Ice 

Power Supply Current 






8287 


130 

mA 



8286 


160 

mA 


If 

Forward Input Current 


-0.2 

mA 

Vp = 0.45V 

Ir 

Reverse Input Current 


50 

pA 

Vr = 5.25V 

VoL 

Output Low Voltage 


■■■ 




B Outputs 




Iql “ 


A Outputs 


HBI 


Iql = 16 mA 

VoH 

Output High Voltage 






B Outputs 

2.4 



Iqh = — 5 mA 


A Outputs 

2.4 



loH = -1mA 

■off 

Output Off Current 


If 

pA 

VoFF = 0.45 to 5.25V 

WiL 

Input Low Voltage 


0.8 

V 


VlH - 

Input High Voltage 

2.0 


V 







F=1MHz 

C|N 

Input Capacitance 


12 

P*" 

Vb,as=2.5V, Vcc=5V 

Ta = 25*C 


A.C. CHARACTERISTICS FOR 8286/8287 

Conditions: Vcc = 5V ±10%, Ta = 0*Cto70*C 
Loading: B Outputs — Iqi, = 32 mA, Iqh = - 5 iriA, C|. = 300 pF 
A Outputs — Iql = 16 mA, Iqh = - 1 iriA, Cl = 100 pF 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 

TIVOV 

Input to Output Delay 

■■mn 





Inverting 


25 

ns 

(See Note 1) 


Non-Inverting 


35 

ns 

TEHTV 

Transmit/Receive Hold Time 

TEHOZ 


ns 


TTVEL 

Transmit/Receive Setup 

30 


ns 


TEHOZ 

Output Disable Time 


25 

ns 


TELOV 

Output Enable Time 

10 

50 

hs 



Nott: 1. See waveforms and test load circuit on following page. 
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8288 


D.C. CHARACTERISTICS FOR THE 8288 

Conditions: Vcc = 5V±10%, Ta = 0“Cto70*C 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 

Vc 

Input Clamp Voltage 


-1 

V 

Ic = -5 mA 

Ice 

Power Supply Current 


170 

mA 


If 

Forward Input Current 


-0.2 

m A 

Vp = 0.45V 

Ir 

Reverse Input Current 


50 

nA 

Vr = 5.25V 

VoL 

Output Low Voltage 



||^■|||■||| 



Command Outputs 


0.45 


loL = 32 mA 


Control Outputs 


0.45 


Iql = 16 mA 

VOH 

Output High Voltage 






Command Outputs 




loH = — 5 mA 


Control Outputs 




loH = ~ 1 mA 

V|L 

Input Low Voltage 


0.8 

V 


V|H 

Input High Voltage 

2.0 


V 


Iqff 

Output Off Current 


100 

pA 

VoFF = 0.4 to 5.25V 


A.C. CHARACTERISTICS FOR THE 8288 

Conditions: Vcc = 5V ±10%, Ta = 0'Cto70'’C 

TIMING REQUIREMENTS 


Symbol 

Parameter 

Min 

Max 

Unit 

Loading 

TCLCL 

CLK Cycle Period 

125 


ns 


TCL1CH1 

CLK Low Time 

65 


ns 

TCH2CL2 

CLK High Time 

35 


ns 

TSVCH 

Status Active Setup 

65 

o 

1 

> 

ns 

TSHCL 

Status Inactive Setup 

55 

o 

1 

' > 
o 

ns 


TIMING RESPONSES 


Symboi 

P{Erameter 

Min 

Max 

Unit 

Loading 

TCLNH 

TCHNH 

Control.Active Delay 

5 

45 

ns 

MRDC 

lORC 

TCLNL 

TCHNL 

C/3ntrol Inactive Delay 

10 

45 

ns 

TCLLH 

ALE Active Delay (from CLK) 


15 

ns 

TSVLH 

ALE Active Delay (from Status) 


15 

ns 

TCHLL 

ALE Inactive Delay 


15 

ns 

MWTC ioL = 32 mA 

lOWC ioH=-2mA 

INTA Cl = 300 pF 

TCLRL 

Command Active Delay 

10 

35 

ns 

TCLRH 

Command Inactive Delay 

10 

40 

ns 

AMWTC 

AlOWC 

1 ioL = 10 mA 
Other { Iqh = - 1 mA 

[ Cl = 80 pF 

TCHDTL 

Direction Control Active Delay 


50 

ns 

TCLDTH 

Direction Control Inactive Delay 


30 

ns 

TAELCV 

Command Enable Time 


30 

ns 

TAEHCZ 

Command Disable Time 


30 

ns 

TAEVCV 

Enable Delay Time 

85 

190 

ns 

TAEVNV 

AEN to DEN 


20 

ns 

TCEVNV 

CEN to DEN 


20 

ns 

TCEVNV 

CEN to PDEN 


20 

ns 
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8288 ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



TEST LOAD CIRCUITS 

1.5V 1.5V 2.14V 2.28V 



3-STATE TO HIGH S-STATE TO LOW ^ CONTROL OUTPUT 

TEST LOAD lqao 


3 STATE COMMAND OUTPUT 
TEST LOAD 
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Chapter 21 
THE ZILOG Z8000 


This chapter will be provided at a later date as an update. 
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Chapter 22 

2900 SERIES AND 6700 SERIES 
CHIP SLICE PRODUCTS 


In the next two chapters of this book we are going to summarize chip slice logic products. The chip slice product 
descriptions given in the next two chapters have not been updated from the previous revision (which appeared in June 
of 1977). Since that time the 10800 series chip slice products, described in Chapter 23, have not progressed: however, 
the 2900 series chip slice products, described in this chapter, have become the standard of the industry. Moreover, 
many of the 2900 series parts have been enhanced, while new parts have been added to the family. In order to do 
justice to the 2900 series chip slice products, this chapter should have been significantly expanded. When reading this 
chapter, therefore, you should understand that it does not do justice to the 2900 series chip slice products, nor does it 
describe some of the new powerful parts that have been added to the family. This chapter will be updated with one of 
the early updates. 

The 2900 and 6700 series 4-bit slice products conform very closely to the general chip slice logic description given in 
Volume 1, Chapter 4. The 6700 series product came first, and the 2900 series represents a relatively small enhance- 
ment. 

Since the 2900 and 6700 series devics are very similar, this chapter is going to concentrate on the 2900 series — the 
more recent product. Differences between the 2900 series and 6700 series products, where they exist, will be iden- 
tified. 

In this chapter we are going to describe the general capabilities of the various devices, relying upon Volume 1 , Chapter 
4 to provide basic concepts. If you do not already have a basic understanding of chip slice products, then you should 
refer to Volume 1, Chapter 4 before proceeding with this chapter. 

All 2900 series and 6700 series devices use bipolar LSI technology. 

The 2900 series microinstruction execution time is 100 nanoseconds; the 6700 series microinstruction execu- 
tion time is 200 nanoseconds. 

The primary source for the 2900 series chip slice logic is: 

ADVANCED MICRO DEVICES 
901 Thompson Place 
Sunnyvale, CA 94086 

There are two second sources for the 2900 series logic: 

MOTOROLA SEMICONDUCTOR 
Box 20912 
Phoenix, AZ 85036 
RAYTHEON SEMICONDUCTOR 
350 Ellis Street 
Mountain View, CA 94042 

The primary source for the 6700 series chip slice logic is: 

MONOLITHIC MEMORIES 
1 165 East Argues Avenue 
Sunnyvale, CA 94086 
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Figure 22-1. The 2901/6701 Arithmetic and Logic Unit 

THE 2901/6701 ARITHMETIC AND LOGIC UNIT 

(ALU) 


These devices constitute the center of any chip slice logic product. 

Figure 22-1 iliustrates the logic provided by a 2901 or 6701 ALU. Figure 22-1 is a reproduction of Figure 4-3 from 
Volume 1, except that the AA and BB Register Block ports have been switched in order to become compatible with 
2901 literature. 

The first thing to notice about the 2901/6701 ALU is the fact that it represents a 4-bit slice through the arithmetic and 
logic unit of a typical central processing unit. But being a discrete logic device, it must provide more than simple 
arithmetic and Boolean logic: it must provide some method of identifying data sources and destinations. Also, as we 
saw in Volume 1 , Chapter 4, an ALU chip slice is going to acquire some additional responsibilities toward its neighbors. 
Within this context, let us examine the pins and signals of the 2901 and 6701, as illustrated in Figure 22-2. 


22-2 






ADAM OSBORNE & ASSOCIATES, INCORPORATED 



Figure 22-2. 2901 ALU Logic 


Table 22-1. 2901 ALU Function Control Table 22-2. ALU Source Operand Control 


MICRO CODE 

ALU 

FUNCTION 

SYMBOL 

IS 

I4 

I3 

OCTAL 

CODE 

L 

L 

L 

0 

R Plus S 

R + S 

L 

L 

H 

1 

S Minus R 

S-R 

L 

H 

L 

2 

R Minus S 

R-S 

L 

H 

H 

3 

RORS 

R VS 

H 

L 

L 

4 

R AND S 

R AS 

H 

L 

H 

5 

R AND S 

R AS* 

H 

H 

L 

6 

R EX-OR S 

RVS 

H 

H 

H 

7 

R EX -NOR S 

RVS* 


*2901 ONLY 



First of all, note that the ALU device receives two types of input: 

1) Status and control signals via which it communicates with its neighbors. 

2) An instruction code, plus data, via which it is sequenced by a Control Unit. 
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The focus of attention for the 2901/6701 ALU is the logic which actually performs arithmetic 
and logic operations — the ALU Block. This block of logic performs eight operations which 
are specified by instruction signal inputs 13, 14 and 15, as defined in Table 22-1. Observe 
that these eight functions consist of three arithmetic functions and four Boolean functions. 

Shift logic is missing. Shift logic is taken out of the ALU and placed within source and destination data paths. 

There are two ALU Block sources, shown in Figure 22-2 as the R and S inputs; they are the P— 

P and Q— Q inputs of Figure 22-1 . Each source is four bits wide, since we are dealing with a 4- 
bit chip slice. 

Inputs may consist of: 

1) External data transmitted from the control unit to data pins DO - D3. 

2) Temporary data extracted from a small, 16 x 4-bit read/write memory within the 2901/6701. 

3) The output of a shifte'r or temporary 4-bit register, identified in Figures 22-1 and 22-2 as the Q register. In reality, 
the Q register is a short circuit from ALU logic to ALU logic input. 

The results of ALU operations may be output directly from the 2901/6701 via the YO - Y3 output pins (DO— DO 
in Figure 22-1); alternatively, the data may be routed to the Register Block, or the Q register. 

The three instruction code bits, 10 - 12, define what the R and S inputs to the ALU will be. Table 22-2 defines 
how 10 - 12 will be interpreted. 

Now take a look at the 16 x 4-bit read/write memory. We have seen that 2901/6701 logic allows the contents of any 
two 4-bit registers to be output: also, data is input to any one of the sixteen registers. External logic must define input 
and output registers using select pins. Ideally, three 4-bit select codes would be required: 


2901 ALU 

SOURCE 

SPECIFICATION 


2901 ALU 

OPERATIONS 

SPECIFICATION 


zo 

Z1 

Z2 

Z3 


Select destination register for Z input 


BO 

B1 

B2 

B3 


I Select source register for B output 


AO 

At 

A2 

A3 


y Select source register for A output 


But that is going to require 12 pins — and that is too many pins: therefore, the B output address code does double 
duty, also providing the Z input address; this eliminates the four Z pins, but reduces your options. 

In summary, these 11 signals constitute a complete set of inputs; 

• Three microinstruction signals, 10, II and 12. 

• Two 4-bit register select codes, BO - B3 and AO - A3. 

External logic must provide all 1 1 signal inputs simultaneously for every microinstruction's execution, simply to define 
the data entering the ALU Block. 

We have not yet defined destination logic within the 2901/6701 ALU because the shifter and destination logic are 
combined. The single ALU 4-bit result can go to one of three places: 

1) The output pins YO - Y3 

2) The Q register 

3) The 4-bit read/write memory register addressed by the B input 

Of these three destinations, two — the Q register and the read/write memory — are optionally preceded by shifter 
logic. 

You could specify a variety of destination options for the ALU Block results which are output via R — R. This data may 
be transmitted to one, two or all three of the identified destinations; and for two of the destinations data may optionally 
be shifted. It would require five pins simply to define the possible combinations of shifting and destination; but there 
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are additional options. Observe that the contents of the 4-bit register addressed by the A address lines may be output 
directly to DO— DO. This data path is an important one, since we must have some means of outputting shifting data 
without transmitting it through the ALU Block. To enable all destination combinations would require too many pins; 
not only would more pins be expensive in terms of device packaging, but each pin must be backed-up by a 
microinstruction — and if you increase the size of the microinstruction word, you will also increase the size of the con- 
trol read-only memory within which the microprogram must be stored. Therefore, a judicious subset of the possible 
destination combinations is selected via the three microinstruction input pins 16, 17 and 18. Table 22-3 defines the way 
in which these three microinstructions are decoded. 

Let us then summarize the signals which must be input to a 2901/6701 simply to identify a single microinstruc- 
tion. 

The actual microinstruction object code must be input via the nine pins lO - 18. 

Two 4-bit register select codes must be input via AO - A3 and 80 - 83. These address inputs must occur with the ex- 
ecution of every microinstruction. 

A 4-bit direct data nibble may or may not be needed. If it is needed, it must be input along with the microinstruction 
object code via pins 80 - 83. 

The principal output created following the execution of each microinstruction appears via the pins YO - Y3. 

A number of timing and status signals remain to be described. 

Timing is controlled by a single clock signal input via CP. 

The ALU Block has two sets of status signals. One set allows normal CPU statuses to be created, the other set enables 
carry look ahead logic. The carry look ahead signals have been described in Volume 1, Chapter 4. 

These are the normal status signals provided: 

1 ) A Zero status shown in Figure 22-2 as FO. This signal is the NOR of ALU Block outputs. For 
a number of 2901/6701 devices, you can create an overall Zero status by a wire-OR of the 
FO outputs. 


2) The high order bit of the ALU Block output appears as the F3 status in Figure 22-2. This 
status, when output by the high order 4-bit ALU slice, can be used to create a Sign status. 

The 6701 does not provide this status. 


Cn-F4 and OVR are outputs which, when taken from the high order slice, can be used to gener- 
ate Carry and Overflow statuses, respectively. 

Each of the two shifters has a shift-in and a shift-out pin so that shifts may be rippled from one 
ALU slice to the next. 

Two enhancements of the 2901 have appeared, The 2901 A is a higher speed version of the 
2901, while the 2903 is an enhancement of the 2901. The most important enhancement that the 2903 has is its ability 
to address external high-speed read/write memory as additional registers. Thus, if the 16 registers available in a 2901 
are insufficient for your needs, you should look at the 2903. 

The 2901 A and the 2903 ALU devices are not described further in this chapter. 


ZERO STATUS 
IN CHIP SLICE 
LOGIC 


SIGN 
STATUS 
IN CHIP SLICE 
LOGIC 


OVERFLOW 

AND 

CARRY STATUS 
IN CHIP SLICE 
LOGIC 


THE 2909 MICROPROGRAM SEQUENCER 

A group of 2901/6701 ALU slices must be driven by microprograms which wiil be stored in read-only memory. 
The read-only memory requires address logic. The responsibility of the address logic is to ensure that 
microinstructions are fetched in the correct sequence, so that in response to an instruction's object code, the 
ALU logic will perform necessary operations. 

The 2909 microprogram sequencer provides you with the logic needed to create any address sequence for in- 
structions stored in a microprogram ROM. Figure 22-3 illustrates the logic of the 2909 microprogram sequencer. 
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Figure 22-3. 2909 Microprogram 



■r Block Diagram 
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Monolithic Memories provides the 67110 Control Unit which performs the same functions as the 2909, but in a 
substantially different way. The 67110 is not described in this chapter. 

The most important thing to note about microprogram sequencer logic is that it bears a striking resemblance to the pro- 
gram memory addressing logic which will be provided on any microprocessor CPU. The principal difference is that 
microprogram sequencer logic is more elementary and therefore can execute faster — a necessary prerequisite if 
microprogram instruction executions are to concatenate in order to generate macroprogram instruction executions. 

The next important point to note is that the 2909 microprogram sequencer logic, like the 2901 ALU, is a chip slice pro- 
duct. Each 2909 is a.4-bit chip slice. One 2909 device is capable of generating four address lines — addressing just six- 
teen microinstructions stored in ROM. By having two 2909 devices in parallel, you can create an 8-bit address which 
will access 256 microinstructions stored in program ROM. Each additional 2909 will increase the size of the address by 
four bits; and the number of microinstructions that can be accessed will increase accordingly. 

Let us take a look at Figure 22-3. You should begin by looking at the multiplexer. This logic selects and outputs 
one of four possible address inputs. The two control signals, SO and SI, determine which of the four addresses will 
be output. 

The four lines of the address which is selected for output are ORed individually with external inputs ORO - OR3, then 
the result of the OR is ANDed with a possible zero input. 

The reason for having the individual ORO - OR3 inputs is to allow branch logic to unilaterally modify an address which 
is being created. This is the point at which you would implement logic associated with a conditional branch. 

The AND with zero allows you to unilaterally zero the output address — which you might want to do in response to a 
RESTART or other initialization. 

These are the four possible address inputs: 

1) A direct address input via the pins DO - D3. This is an input which you would use initially to start the execution of a 
microinstruction sequence, after decoding a macroinstruction object code. You could also use these inputs subse- 
quently to force a unilateral branch. 

2) The incremented contents of the Microprogram Counter register. The Microprogram Counter register serves ex- 
actly the same function as the Program Counter register in a microcomputer. You would initially load a starting ad- 
dress into the Microprogram Counter register. Subsequently the Microprogram Counter register is going to be the 
normal location from which the multiplexer chooses its output address. After each address from the Microprogram 
Counter register is selected, the address will be incremented and returned, just as it would be in any 
microprocessor Program Counter. But there is a difference; since we are dealing with a chip slice product, the total 
Microprogram Counter register will consist of a number of 4-bit sections. There will accordingly be a carry-in pin 
and a carry-out pin, so that incrementing can ripple down from one 4-bit section to the next. 
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There is an additional feature of Microprograrri Counter register logic. As described in Volume I, Chapter 4, it is fre- 
quently necessary to re-execute the same microinstruction many times. For example, you may execute a no opera- 
tion code a number of times in order to maintain synchronization between microinstructions and the macroinstruc- 
tion system clock. You may also re-execute a Shift or Rotate microinstruction many times to perform multiple shifts 
or rotates. In order to save on microprogram ROM, you can inhibit the Microprogram Counter register increment 
logic by inputting a high value at the Cl input to the low order four bits of the Microprogram Counter register. 
Clearly, this carry input must be zero in the normal course of events, since there is no lower shift that could possi- 
bly generate a legitimate carry input. 

3) Just as assembly language programs can contain subroutines, so a microinstruction program can also contain 
subroutines. From our discussion of microprogramming in Chapter 4 of Volume I, you will recall that having 
subroutines in a microprogram is a very desirable feature. For example, large portions of an instruction fetch, a 
rriemory read and a memory write will be implemented via exactly the same microinstruction sequences. By in- 
cluding these microinstruction sequences in a microprogram subroutine, you can save significant amounts of 
microprogram memory. Microprogram subroutines are just as useful and memory-saving devices as assembly 
language subroutines. Flowever, since microprograms are likely to be shorter than assembly language programs, 
the 2909 provides a four-level subroutine Stack. This means that you can nest microprogram subroutines to a 
depth of four. By inputting FILE ENABLE low, you can pop the top of the four-deep Stack into the multiplexer, or 
you can push the Microprogram Counter contents into the top of the Stack. Signal PUP, when high, forces the 
push; when low, PUP forces a pop. 

4) The fourth possible input for the multiplexer address is the contents of the Address register. You can at any time 
input an address to the Address register via the RO - R4 pins. 

The OE control input allows you to disconnect the microprogram sequencer from the Address Bus. Thus, ad- 
dress outputs may be floated. 

Observe that although the 2909 microprogram sequencer provides a good deal of the logic needed in order to 
create address sequences, a great deal of additional logic must still be provided in order to access microprogram 
sequencer logic appropriately. 

The 2910 microprogram sequencer is essentially equivalent to three 2909 slices. That is to say, it provides a 4096 in- 
struction addressing range. The 2910 microprogram sequencer is not described in this chapter. 

The 2930 and 2931 address generation devices are also new additions to the 2900 series chip slice products. The 2930 
and 2931 devices corffbute effective memory addresses needed by assembly language memory reference instructions. 
Thus, the 2930 and 2931 devices are used to compute external memory addresses which may be required by assembly 
language level macroinstructions, while the 2909 and the 2910 compute internal memory addresses that may be 
needed within the microprogram itself. 


THE 2902 CARRY LOOK AHEAD 

This device serves Just one function: when performing binary addition, it creates parallel carry inputs for those 
4-bit slices that are going to need a carry. Carry look ahead logic has been described in detail, in Volume 1, 
Chapter 4. We will therefore provide a simple summary of this device in this chapter. 

Suppose two 16-bit binary numbers are to be added. If each 16-bit number is implemented in four 4-bit slices, then 
how are you going to generate the carry for the second, third and fourth 4-bit slice? You could perform the binary addi- 
tion in four steps — in which case at the conclusion of each step you would generate the necessary carry for the next 
step. This is an unsatisfactory method of performing binary addition when using chip slice logic because it is slow. The 
whole purpose of chip slice logic is to obtain maximum execution speed. The alternative is to create a device which will 
anticipate the carry that would be generated and provide it so that all four segments of the 1 6-bit binary addition can 
be performed simultaneously. That is exactly what the 2902 device does. 

Figure 22-4 illustrates the way in which a 2902 Carry Look Ahead device will connect to 2901 ALU slices. 

As illustrated in this figure, the 2902 device can compute carry look ahead for up to three 4-bit slices — which means 
that it will support a 16-bit word; remember, the low order slice does not need any carry look ahead. 

You can generate carry look ahead for larger words by using a number of 2902s together. 

In order to generate carry look ahead, the 2902 receives, as inputs, the Carry Generate and Carry Propagate signals 
from the 2901/6701 ALU slices. For a discussion of this carry look ahead logic see Volume 1, Chapter 4. 
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Figure 22-4. Four 2901s In a 16-Bit CPU Using the 2902 for Carry 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 

• Am2901 Arithmetic and Logic Unit 

• Am2902 Carry Look Ahead 

• Am2909 Microprogram Sequencer 
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Figure 2. ALU Source Operand Control. Figure 3. ALU Function Control. 
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X» Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high* 
impedance state. 
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Up is toward MSB, Down is toward LS8. 

Figure 4. ALU Destination Control. 
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Figure 5. Source Operand and ALU Function Matrix. 
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Am2901 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential 


DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage 


DC Output Current, Into Outputs 


DC Input Current 


P/N 


Am2901PC, DC 


Am2901DM, FM 


OPERATING RANGE 

Ambient Temperature 


-65°Cto+150°C 


-55°Cto+125°C 


-0.5 V to +6.3 V 


—0.5 V to +Vcc ftiax. 


-0.5 V to +5.5 V 


30 mA 


—30 mA to +5.0 mA 


-55°Cto+i25°C 


4.50 V to 5.50 V 


m 



St<p 


Pre-Seal Visual Inspection 


STANDARD SCREENING 

(Conforms to IVIIL-STD-883 for Class C Parts) 


MIL-STD-883 

Method 



Am2901PC, DC 


100 % 


Am2901DM, FM 


100 % 


Temperature Cycle 


Centrifuge 


Gross Leak 


Electrical Test 
Subgroups 1 and 7 


Insert Additional Screening here for Class B Parts 


Group A Sample Tests 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 8 
Subgroup 9 


g -65 C to +150 C 
10 cycles 


B 10,000 G 


A 5x 10-8 atm-cc/cm3 


C2 Fluorocarbon 


See below for 
definitions of subgroups 


See below for 
definitions of subgroups 



*Not applicable for Am2901PC 


ADDITIONAL SCREENING FOR CLASS B PARTS 


Step 

MILSTD-883 

Method 

Conditions 

Level 

Am2901DMB, FMB 

Burn-In 

1015 

n 125°C 

160 hours min. 

100% 

Electrical Test 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 9 

5004 


100% 

100% 

100% 

100% 

100% 

Return to Group A Tests in Standard Screening 


ORDERING INFORMATION 

Package 

Temperature 

Order 

Type 

Range 

Number 

Molded DIP 

0°C to +70°C 

AM2901PC 

Hermetic DIP 

0°C to +70°C 

AM2901DC 

Hermetic DIP 

-55°Cto+125°C 

AM2901DM 

Hermetic Flat Pack 

-55°C to +125°C 

AM2901FM 

Dice 

0°C to +70°C 

AM2901XC 


GROUP A SUBGROUPS 

(as defined in MIL-STD-883, method 5005) 


Subgroup 



Parameter 

Temperature 

DC 

25°C 

DC 

Maximum rated temperature 

DC 

Minimum rated temperature 

Function 

25°C 

Function 

Maximum and minimum rated 


temperature 

Switching 

25°C 

Switching 

Maximum Rated Temeperature 

Switching 

Minimum Rated Temperature 
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Am2901 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
(Group A, Subgroups 1, 2 and 3) 


I Y[J. 

Parameters Description Test Conditions iNot» i) Min. (Not«2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc - MIN. 

V|N - V|H or V|L 

•oh “ -1.6mA 
Y 0 .Yi,Y 2 , Y 3 

B 



Volti 

•oh ” - 10 mA, Cn+4 

2.4 



•oh ■ -800pA,OVR,P 

2.4 



•oh ■ -eOOpA, F 3 

2.4 



•oh ” -600mA 

RAMo_ 3 , Qo_ 3 

B 



•oh - -1.6mA, G 

2.4 



'CEX 

Output Leakage Current 
for F ■ 0 Output 

Vcc - min., Vqh -5.5V 

V|N- V|HOrV|L 



250 

mA 

VoL 

Output LOW Voltage 

Vcc " min., 

V|N*V|H 0 r V|L 

Iql " 16mA 

Yo*Yl.Y2eY3.G 



B 

Volts 

Iql ” 10mA, Cn+4, F-0 



0.5 

IQL' 8.0mA, OVR,P 



0.5 

*OL “ 6.0mA, F 3 

FIAMp_ 3 , do, 3 



B 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 




Volts 

V|L 

Input LOW Level 

■mBSB 

Military 



0.7 

Volts 

Commercial 



0.8 

V| 

Input Clamp Voltage 

Vcc •= min., I|M* -18mA 



-1.5 

Volts 

•IL 

Input LOW Current 

Vcc - max. 

V|N -0.SV 

Clock, OE 



-0.36 


Aq, A), A 2 , A 3 



-0.36 

Bo. Bi, 62 , B 3 



-0.36 

Dq, D], D 2 , D 3 



-0.72 

•0.1l-l2. '6. '8 



-0.36 

• 3 . ' 4 . '5. '7 



-0.72 

RAMp, 3 . Op, 3 (Note 4) 



- 0.8 

Cn 



-3.6 

'IH 

Input HIGH Current 

Vcc ' max. 

V|N = 2.7V 

Clock, of 



20 

mA 

Ap, Aj, A 2 , A 3 



20 

Bo. 8 ], 62 , B 3 



20 

Op, Dj, D 2 , D 3 



40 

•0. 11. 12. le. >8 



20 

• 3 . 14. 15. I 7 



40 

RAMq^ 3 , Qq^ 3 (Note 4) 



100 

Cn 



200 

l| 

Input HIGH Current 

Vcc = max., V|n - 5.5V 



1.0 

mA 

•OZH 

•OZL 

Off State {High Impedance) 
Output Current 

Vcc ' max. 

Yo.Y,, 

Y 2 .Y 3 

Vo - 2.4V 



50 


Vq - 0.5V 



-50 

nA 

RAMp_ 3 , 
Co, 3 

Vq “ 2.4V 
(Note 4) 



100 

Vq -0.5V 
(Note 4) 



-800 

•os 

Output Short Circuit Current 
(Notes) 

Vcc “ 5-25V 

Vq - 0.5V 

Yc,Yi,Y2.Y3,G 

-15 


-40 

mA 

Cn+4 

-15 


-40 

OVR, P 

-15 


-40 

•=3 

-15 


-40 

RAMp_ 3 , Op_ 3 

-15 


-40 

•cc 

Power Supply Current 

Vcc = MAX. 

Military 


185 

280 

mA 

Commercial 


185 

280 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Eiectrical Characteristics for the appiicabie device type. 

2. Typical limits are at Vqq « 5.0V, 25*^0 ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with 1578 In a state such that the 
three-state output is OFF. 
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Am2901 

GUARANTEED OPERATING CONDITIONS 
OVER TEMPERATURE AND VOLTAGE 

Tables I, II, and III below define the timing requirements of 
the Am2901 in a system. The Am2901 is guaranteed to 
function correctly over the operating range when used within 
the delay and set-up time constraints of these tables for the 
appropriate device type. The tables are divided into three 
types of parameters; clock characteristics, combinational delays 
from inputs to outputs, and set-up and hold time requirements. 
The latter table defines the time prior to the end of the cycle 
(i.e., clock LOW-to-HIGH transition) that each input must be 
stable to guarantee that the correct data is written into one of 
the internal registers. 

The performance of the Am2901 within the limits of these 
tables is guaranteed by the testing defined as "Group A, 
Subgroup 9" Electrical Testing. For a copy of the tests and 
limits used for subgroup 9, contact Advanced Micro Devices' 
Product Marketing. 


TABLE I 


CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME 

Am2901DC,PC 

Am2901OM,FM 

Read-Modify-Write Cycle 
(time from (election of 

A, B registers to end of 
cycle) 

105ns 

120 ns 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

9.5MHz 

8.3MHz 

Minimum Clock LOW Time 

30 ns 

30 ns 

Minimum Clock HIGH Time 

30 ns 

30 ns 

Minimum Clock Period 

105ns 

120 ns 


TABLE II 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS (all in ns. Cl < 15pF) 



Am2901 DC, PC (O’C to +70° C; 5 V ±5%) 

Am2901DM, FM (-55°C to ■H25°C; 5V ±10%) | 

To 

From\°“*P“* 

Input 

H 

F3 

Cn+4 

G,P 

BB 

OVR 

Shift 

Outputs 

I 

F3 

Cn-i4 

G, P 

BB 

OVR 

Shift 

Outputs 

RAMq 

RAM 3 

Qo 

□3 

RAMq 

RAM 3 

. Qo 

Q 3 

A, B 

DEI 

19 

mm 

la 

UTii 

139 


ai 

iQii 


Ea 


IQI 

Ka 

KBil 

- 

b (arithmetic mode) 

lEEl 

El 

mm 

El 


gw 


- 

KITil 

Ea 

mm 

iO 

HQ 



- 

D(I = X37) (Note 5) 




- 

BW 


60 

- 


ll^^l 


- 

19 

- 


- 

Cn 


19 

E9 

- 


K9 


- 

gw 

mm 

gw 

- 


■a 

gw 

- 

l012 

la 

19 

1 ^ 


la 

19 

la 

- 

gw 

m 

mm 

El 

la 

mm 

19 

- 

'345 

El 


gw 

El 

El 

i^a 

la 

- 

mm 


aa 

1 ^ 

mm 

19 

mm 

- 

'678 

mm 


- 

- 

- 

- 

mm 

■a 

1^1 

- 

- 

- 

- 

- 

aa 

gw 

OE Enable/Disable 

EH 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 

A bypassing 

ALU (1 = 2xx) 


- 

- 

- 

- 

- 

- 

- 

IS 

- 

- 

- 

- 

- 

- 

- 

Clock ^ (Note 6) 

IfH 

19 

IBBI 


nri 

19 


lEI' 

wm 

mm 

IBI 

iiri 



BS 

19 


SET-UP AND HOLD TIMES (all in ns) (Note 1 ) TABLE III 


From Input 

Notes 

Am2901 DC, PC (0°C to +70°C, 5V ±5%) 

Am2901 DM, FM (-55°C to -t-1 25°C, BV ±1 0%) 

Set-Up Time 

Hold Time 

Set-Up Time 

Hold Time 

A, B 

Source 



0 

aaaoaaa 

0 

B Dest. 



0 

tpwL +15 

0 

D (arithmetic mode) 


100 

0 

110 

0 

D(I = X37) (Note 5) 


60 

0 

65 

0 

Cn 


55 

0 

60 

0 

'012 


85 

0 

90 

0 

'345 


70 

0 

75 

0 

*678 

4 

tpwL + 15 

0 

tpwL +15 

0 

RAMq, 3. Qo, 3 


30 

0 

30 

0 


S«« Figure 11 and 12. 

If tha B addrcM li uiad at a tourca operand, allow for the **A, B source" set-up time; If It Is used only for the destination address, use the 
"B dest." set-up time. 

Where two numbers are shown, both must be met. 

"tp^L" is the clock LOW time. 

DVO it the fastest way to load the RAM from the D inputs. This function is obtained with i ■ 337. 

Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 
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Am2902 

SET-UP AND HOLD TIMES (minimum cycles from each input) 

Set-up and hold times are defined relative to the clock LOW-to- 
HIGH edge. Inputs must be steady at all times from the set-up 


time prior to the clock until the hold time after the clock. The 
set-up times allow sufficient time to perform the correct 
operation on the correct data so that the correct ALU data 
can be written into one of the registers. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5V to +Vcc max. 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 


£ ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

O 

O Am2902XC Ta - 0°C to tVO’C V^c ■ 5.0V ±5% (COM'U MIN. -4.75V MAX. - 5.25V 

S Am2902XM - -55°C to +125°C V^c ■ 5.0V ±10% (MIL) MIN. -4.50V MAX. - 5.50V 

Parameters Description Test Conditions (Note i) Min. (Not* 2) Max. Units 


Vqh 

Output HIGH Voltage 

V^c “ MIN,, Iqh " —0.8mA 

V|N ■ V|H or V|L 

D 

B 


Volts 

VoL 

Output LOW Voltage 

Vcc'MIN., lOL'IfiroA 

V|N"V|HorViL 


B 

B 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

m 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc - min., I|N- -12mA 



-1.5 

Volts 

'IL 

(Note 3) 

Input LOW Current 

Vcc " max., V|n ■ 0.4V 

Cn 



-3.2 

mA 

P3 



-4.8 

P2 



-6.4 




-8.0 

00.^2 



-14.4 

5l 



-16 

l|H 

(Note 31 

Input HIGH Current 

Vcc ■ max., V(N ' 2.4V 

Cn 



80 

pA 

P3 



120 

P2 



160 

PO-P1.G3 



200 

Gq, G 2 



360 

61 



400 

II 

Input HIGH Current 

Vcc “ max., V|N “ 5.5V 



1.0 

mA 

•sc 

Output Short Circuit 
(Note 4) 

Vcc = max.,vout-o-ov 

-40 


-100 

mA 

ICC 

Power Supply Current 

Vcc - MAX. 

All Outputs LOW 

MIL 


62 

99 

mA 

COM'L 


58 

94 

Vcc ■ max. 

All Ouputs HIGH 

MIL 


37 


mA 

COM’L 


35 



Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device tvpe. 

2. Typical limits are at Vqq ■■ 6.0V, 25^C ambient and maximum loading. 

3. Actual Input currents " Unit Load Current X Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

SWITCHING CHARACTERISTICS Vcc = 5.0V, Ta = 25°C, Cl = 15pF, Rl = 400n 


. Parameter From (Input) 


‘PLH 

C„ 

•PHL 

IPLH 

P, 

‘PHL 

‘PLH 

G, 

‘PHL 

‘PLH 

Pi 

‘PHL 

‘PLH 

G,. 

‘PHL 


































































































































Am2909/1 1 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential 


DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage 


DC Output Current, Into Outputs 


DC Input Current 


Am2909/2911DC, PC 


Am2909/2911DM, FM 


0 Cto +70° C 


-55°Cto+125°C 


4.75 V to 5.25 V 


4.50V to 5.50V 


-65 Cto +150 C 


-55°Cto+125°C 


-0.5 V to +7.0 V 


—0.5 V to +Vcc max. 


-0.5 V to +7.0 V 


30 mA 


—30 mA to +5.0 mA 



OPERATING RANGE 


P/N 

Ambient Temperature 

Vec 


STANDARD SCREENING 

(Conforms to MIL-STD-883 for Class C Parts) 



Step 

MILSTO'883 

Method 

Condittons 



Atn2909/Am2911PC, DC I Am2909/Am291 1 DM, FM 


100 % 


Gross Leak 


Electrical Test 

Subgroups 1 and 7 


Insert Additional Screening here for Class B Parts 


Group A Sample Tests 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 8 
Subgroup 9 


A 5 X 10~8 atm-cc/errA 


C2 Fluorocarbon 


See below for 
definitions of subgroups 


See below for 
definitions of subgroups 



* Not applicable for 
Am2909PC or 
Am2911PC, 


ADDITIONAL SCREENING FOR CLASS B PARTS 


Step MIL-STD-8a3 

Level 

Step Method Condition* 

Am2909/Am2911DMB, FMB 

Burn-In 1015 D 

100% 

160 hours min. 


Electrical Test 5004 


Subgroup 1 

100% 

Subgroup 2 

100% 

Subgroup 3 

100% 

Subgroup 7 

100% 

Subgroup 9 

100% 

Return to Group A Tests in Standard Screening 


ORDERING INFORMATION 



Am2909 

Am291 1 

Package 

Temperature Order 

Order 

Type 

Range Number 

Number 

Molded DIP 

0°C to +70'’C AM2909PC 

AM2911PC 

Hermetic DIP 

0'’C to +70°C AM2909DC 

AM2911DC 

Hermetic DIP 

-55'’Cto+125°C AM2909DM 

AM2911DM 

Hermetic Flat Pak 

-55°Cto+125‘’C Am2909FM 

- 

Dice 

0°C to +70°C Am2909XC 



GROUP A SUBGROUPS 

(as defiried in MIL-STD-883, method 5005) 


Temperature 


25 C 

Maximum rated temperature 
Minimum rated temperature 
25°C 

Maximum and minimum rated 
temperature 
25°C 

Maximum Rated Temeperature 
Minimum Rated Temperature 
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Am2909/1 1 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 




Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Level 


Input LOW Level 


Input Clamp Voltage 


Input LOW Current 


Input HIGH Current 


Input HIGH Current 


Output Short Circuit Current 
(Note 3) 


Power Supply Current 


Output OFF Current 


Vcc-min., 

V|N"V|HOf V|L 


Vcc-MIN., 

V|N"V|HOfV(i_ 


Test Conditions (Not* i) 


*OH ” —1.0mA 




lOL “ 4.0mA 


lOL ” 8.0mA 


•OL ■ 12mA 



Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


Vcc * MIN., I|N* -18mA 


Cn 

Vcc - max., ‘ ^ 

V||m-0.4V 


Vcc ■ MAX., 
V,n-2.7V 


Vcc “ max. (Note 4) 


^c * max., 

OE-2.7V 


VquT ” 0'4V 


VouT = 2.7V 


Notet: 1. For conditlont shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at \/cc “ 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Apply GND to Cp. Hq. R 2« 83 . ORq, OR^, OR 2, OR3 , Dq. D^, D 2, and D3. Other inputs open. All outputs open. Measured after e 
LOW-to-HIGH clock transition. 


5. The 13mA guarantee applies only to Yq, Y^, Y 2 and Y3. 

6. For the Am2911, D| and R| are Internally connected. Loading la doubled (to tame values as Push/Pop). 
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Am2909/1 1 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 

All parameters are guaranteed worst case over the operating voltage and temperature range for the device type. 
(Grade C = 0°C to +70°C, 4.75V to 5.25V; Grade M = -55°C to +125°C, 4.5V to 5.5V) 


TABLE I 

MINIMUM CLOCK REQUIREMENTS 


Minimum Clock LOW Time 

50 

Minimum Clock HIGH Time 

30 


TABLE II 

MAXIMUM COMBINATORIAL 
PROPAGATION DELAYS 


TABLE III 

MAXIMUM DELAYS 
FROM CLOCK TO OUTPUTS 


TABLE IV 

SET-UP AND HOLD TIME 
REQUIREMENTS 



Figure 12. Switching Waveforms. See Tables for Specific Values. 
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Chapter 23 

THE MC1 0800 SERIES CHIP SLICE LOGIC 

The MC10800 chip slice logic devices manufactured by Motoroia Semiconductor represent the most recently 
introduced chip siice iogic products. 

Figure 23-1 illustrates the devices which constitute the MCI 0800 device set and the way in which they con- 
nect in order to generate a central processing unit. 

The MC10800 ALU represents a 4-bit slice through an Arithmetic and Logic Unit. In contrast to the 2901 and 
6701, the MC10800 does not include read/write memory for registers. You create a register file with external memory: 
that allows you to design central processing units with a substantial number of programmable registers. Combining the 
register file and the MC10800 ALU chip slice, you have logic equivalent to an ALU chip slice as described in Volume I, 
Chapter 4. 

The microprogram which drives the entire system will be stored in a control memory which is sequenced by the 
MC10801 Microprogram Control Unit. Each MC10801 provides a 4-bit slice of the total control memory sequencing 
logic. Conceptually the MC10801 does not differ from the description given in Volume I. Chapter 4; however, in imple- 
mentation it does. The MC10801 Microprogram Control Unit has 16 instruction codes which allow you to sequence 
microinstructions within control memory using branch-on-condition, subroutine and interrupt logic. There is no limit to 
the manner in which you create microinstruction execution sequence logic; sequences may depend on status condi- 
tions created within, or beyond the ALU; moreoever, external interrupts may directly influence microinstruction se- 
quences. 



Address Data 


Figure 23-1. MCI 0800 Series Devices in a Central Processing Unit Configuration 

The MCI 0803 Memory Interface device performs all of the memory addressing operations required to address 
program and data memory. This device contains its own small arithmetic and logic unit, so that computations needed 
by indexed addressing or any other addressing scheme do not use the ALU logic — and can therefore proceed in 
parallel. The MC10803 is also a 4-bit slice product which can be cascaded to any word size: it has sufficient 
capabilities to handle all common memory addressing schemes, ranging from the simplest microcomputer to the 
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largest mainframe computer. Using a 2901 or 6701 ALU slice product, you must perform memory addressing opera- 
tions using ALU logic and the 16 RAM locations provided within the ALU slice itself. 

The MC10802 timing device can, under program control, create four timing signals, with any required signal in- 
teractions or interdependences. This is not a chip slice part, but if four timing signals are insufficient, additional 
MCI 0802 devices will be needed to create additional timing signals. 

If you look at Figure 23-1 , you will see that the various devices described cover a substantial portion of the logic within 
any central processing unit. This is in marked contrast to 2900 series or 6700 series devices which leave undefined a 
great deal of memory interface logic, timing logic and control memory - ALU interface logic. 

We will now look at each of the MC1 0800 series devices in overview. These overviews will summarize the 
capabilities of devices; however, refer to manufacturer's literature for detailed information. 

MC1 0800 series devices are manufactured by: 

MOTOROLA SEMICONDUCTOR 
Box 20912 

Phoenix. Arizona 85036 
At the present time there is no second source. 

All devices are manufactured using Emitter Coupled Logic. Devices are fabricated using unique Ouad Inline Packages, 
which provide two sets of parallel pins on each side of the package. This configuration will require special modifica- 
tions to existing PC cards; however, it results in very compact packaging. 



I BUS 


Figure 23-2. The MC10800 ALU Slice Functional Diagram 
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ltes, incorporated 


THE MCI 0800 ARITHMETIC AND LOGIC UNIT SLICE 

Figure 23-2 illustrates the data flows and logic functions of the MC10800 ALU slice. 

The Arithmetic and Logic Unit block is similar to logic with the same name, as described for the 2901/6701 — or the 
general case ALU logic, as described iri Volume I, Chapter 4. 

Functions which the Arithmetic and Logic Unit can perform include: 

• Binary and BCD addition and subtraction 

• Boolean operations, AND, OR and Exclusive-OR 

• Status signals generated by the Arithmetic and Logic Unit are comprehensive and adequate. PG and GG are standard 
carry look ahead signals. OF is an Overflow status. Carry In (CIN) and Carry Out (COUT) allow arithmetic operations to 
be performed by a number of cascaded ALU slices. Notice that there is a Parity status. 

• ALU logic automatically creates statuses appropriate for BCD or binary arithmetic. 


Table 23-1. MC10800 ALU Logical Operations 



















































Table 23-2. MC10800 Arithmetic Operations 


1 YMUX 

X MUX 

±2 

COMP. 

ACC 

BINARY FUNCTION 
(PLUS C|n) 

BCD FUNCTION 
(PLUS C|n) 

ASO 

AS1 

AS2 

AS3 

AS4 

AS10 

^5AAS6 

AS1T=1 

AS1 1 =0 

1 

0 

0 

1 

1 

1 

0 

A PLUS 0 

A PLUS 0 

1 

0 

0 

1 

1 

0 

0 

A PLUS 0 

A PLUS 9s COMP. 0 

0 

1 

1 

0 

1 

0 

0 

0 PLUS A 

0 PLUS 9s COMP. A 

0 

0 

1 

0 

1 

1 


A 

A 

0 

0 

0 

1 

1 

1 

■■ 

0 

0 

0 

0 

1 

0 

1 

0 


A 

9s COMP. A 

0 

0 

0 

1 

1 

0 

0 

0 

9s COMP. 0 

1 

1 

1 

0 

1 

1 

0 

-1 PLUS A 

• 

1 

mm 

0 

1 

1 

1 

0 

-1 PLUSO 

• 

1 

II 

1 

0 

0 

1 

0 

-2 PLUS A 

• 

1 

Bl 

0 

1 

0 

1 

0 

-2 PLUS 0 

• 

0 

Bl 

1 

0 

0 

1 

0 

+ 2 PLUS A 

+ 2 PLUS A 

0 

0 

0 

1 

0 

1 

0 

+ 2 PLUS 0 

+ 2 PLUS 0 

1 

0 

1 

0 

1 

1 

0 

A PLUS A 

A PLUS A 

0 

1 

0 

1 

1 

1 

0 

0 PLUS 0 

0 PLUSO 

0 

0 

1 

0 

1 

1 

1 

ACC PLUS A 

ACC PLUS A 

■■ 

0 

0 

1 

1 

1 


ACC PLUS 0 

ACC PLUS 0 

bI 


mm 

0 

1 

0 


ACC PLUS A 

ACC PLUS 9s COMP. A 

Bl 

0 


1 

1 

0 


ACC PLUS O 

ACC PLUS 9s COMP. 0 

BI 

Bl 

H 

0 

1 

1 


ACC PLUS A AO 

ACC PLUS AAO 

Bl 

Bl 

n 

■I 

1 

0 


ACC PLUS A AO 

ACC PLUS 9s COMP. AAO 

Bl 

Bl 



1 

1 


ACC PLUS AVO 

• 

■ 

B 

■ 

I 

1 

m 

■ 

ACC PLUS AVO 



*Not defined in BCD 


0 BUS 


AS2 

AS3 


AS10 

AS11 



ASO 

AS1 

AS4 

ACC 


TO SHIFT NETWORK 
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MC10800 shift logic is confined to one location; it is on the Arithmetic and Logic Unit output path. However, data 
paths do allow you to bypass the Arithmetic and Logic Unit if a simple shift operation is to be performed. 

The most important aspect of the MCI 0800 ALU is the freedom you have to move data via innumerable paths. Overall, 
there are three busses: the A, I and 0 Busses. Each is a 4-bit bus. The A Bus is input only, while the I and 0 Busses are 
bidirectional. The various data paths are illustrated in Figure 23-2. 

The mask logic needs definition. 

When activated, this logic allows one of the ALU inputs to be the AND or OR of the A and I Bus inputs. 

The various operations which can be performed by the MC10800 ALU are summarized, along with the 
microinstruction codes, in Tables 23*1 and 23-2. 

Table 23-1 defines the logical operations which may be performed while Table 23-2 defines the arithmetic operations 
which may be performed., 


THE MCI 0801 MICROPROGRAM CONTROL UNIT 

The MCI 0801 Microprogram Control Unit consists of "Next Address" logic, plus eight 4-bit registers. Four of 
the 4-bit registers are organized as a Stack, while the remaining four may be defined as follows: 

CRO Microprogram Counter 

CR1 Retry, post-interrupt CRO buffer or cycle counter 
CR2 General purpose storage or microinstruction data storage 
CR3 Status register 

Program sequencing is controlled by 16 instructions which are specified via a 4-bit instruction code, input to the 
next address logic as four signals. The 16 instructions listed below refer to the contents of the four programmable 
registers, two branch flags, plus two external 4-bit inputs. . 

The external 4-bit inputs are referred to as the "NA inputs” and the "0 Bus”. 

The NA (Next Address) inputs, along with the 4-bit instruction code, must conrie from the control read-only memory, 
along with microinstruction code. Thus, as each microinstruction code is being executed, the address for the next 
microinstruction code is being computed. 

The 0 Bus represents external data which may be input from any source. 

One of the two branch flags is common to all MC10801 slices in a unit; the other branch flag may be individually cre- 
ated for each MCI 0801 slice. 

Any instruction listed below which causes a Branch- or Jump-to-Subroutine automatically pushes the contents of CRO 
onto the Stack before loading the microsubroutine starting address into CRO. Any instruction which causes a Return- 
from-Subroutine pops the Stack into CRO. 

By combining the 1 6 instructions listed below in various ways, it is possible to create virtually any type of branch logic 
to access the control read-only memory. 

INC - Increment 

JMP - Jump to NA inputs 

JIB - Jump to I Bus 

JIN - Jump to I Bus and load CR2 

JPI - Jump to CR2 

JEP - Jump to External Port (0 Bus) 

JL2 - Jump to NA inputs and load CR2 

JLA - Jump to NA inputs and load CR1 

JSR - Jump-to-Subroutine 

RTN - Return-from-Subroutine 

RSR - Repeat subroutine (load CR1 from NA inputs) 

RPI - Repeat Instruction 

BRC - Branch to NA inputs on condition; otherwise increment 

BSR - Branch-to-Subroutine on condition; otherwise increment 

ROC - Return-from-Subroutine on condition or jump to NA inputs 

BRM - Branch and Modify address with branch inputs (multiway branches). 
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THE MCI 0802 TIMING DEVICE 


This device is capable of creating four output clock signals. Clock signals can be output in 1, 2, 3 or 4 phases; 
and the duration of any single clock phase may be doubled by inputting an appropriate control signal. This allows 
single s|ow steps in asynchronous logic sequences to be accommodated. 

A number of MC10802 devices may be cascaded together if more than four clock signals are required. 

A number of control signajs allow the MCI 0802 to be started and stopped on demand. Thus, almost any timing 
sequence that you require may be generated. 

THE MCI 0803 MEMORY INTERFACE DEVICE 

You will use this device in a CPU configuration in order to create memory addresses. Program Counter logic. 
Data Counter logic, indexed addressing, indirect addressing or any other address computations can be handled 
by this device. Logic is illustrated in Figure 23-3. Each MCI 0803 memory interface device is a 4-bit slice. You 
can create memory addresses of any width by cascading MC10803 4-bit slices. 

In order to provide total address creation flexibility, the MCI 0803 has five separate 4-bit data ports, five 4-bit 
registers, plus an arithmetic and logic unit. 

Let us first look at the MC10803 data ports. 

The two 4-bit bidirectional 0 and I Busses connect to internal CPU logic busses. Via these two busses data is transfer- 
red to or from other parts of the CPU. The bidirectional 4-bit Data Bus allows data transfers between the memory inter- 
face device and logic beyond the CPU. The final effective memory address is output via the 4-bit Address Bus. There is 
a further 4-bit Pointer input bus via which data can be input directly to the arithmetic and logic unit. 

The arithmetic and logic unit is capable of performing binary addition or subtraction, logical AND, OR or Ex- 
clusive-OR, plus shift left and shift right operations. The possible sources and destinations for ALU operations 
are illustrated in Figure 23-3. 

There are six 4-bit registers within the MCI 0803 memory interface device. 

MAR is the Memory Address register, out of which the final effective memory address will be output to external memo- 
ry- ' 


MDR is a 4-bit Data register within which temporary data can be held in any way. 



Figure 23-3. MCI 0803 Memory Interface Device Block Diagram 
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Four 4-bit registers in a register file are used to hold frequently needed data. For example, RO will invariably become the 
Program Counter. R1, R2 and R3 can be used to hold indexes, base addresses or other similar data. Note that the four 
registers in the register file represent additional logic over and above the external register file, which can have any size. 
Thus, a number of Index registers could be maintained in the external register file, while data that is being frequently 
manipulated will be maintained in the MCI 0803 internal register file. 


□ 

The data matrix has a number of control signals which usually will be input from the microprogram control read-only 

1- 

< 

memory; the contro 

1 signals allow one of the following data transfers to be specified: 

oc 

o 

FOB - 

Register File to 0 Bus 

Ol 

OC 

ROB - 

Data Register to 0 Bus 

o 

o 

RDB - 

Register File to Data Bus 

z 

ODB - 

0 Bus to Data Bus 

U) 

RDB - 

Data Register to Data Bus 

h- 

ADR - 

ALU to Data Register 

u 

BDR - 

Data Bus to Data Register 

o 

0) 

AIB - 

ALU to 1 Bus 

tf) 

BIB - 

Data Bus to 1 Bus 

oS 

IDR - 

1 Bus to Data Register 

UJ 

ODR - 

0 Bus to Data Register 

z 

DC 

NOP - 

No Operation 

O 

m 

BRF - 

Data Bus to Register File 

(/) 

o 

BAR - 

Data Bus to Address Register 

S 

MDR - 

Modify Data. Register (1 Bus to Data Register and Data Register to 0 Bus) 

< 

Q 

PFB - 

Pipeline from Data Bus (Data Bus to Register File and Data Register to 0 Bus) 

< 

© 

PTB - 

Pipeline to Data Bus (1 Bus to Data Register and Data Register to Data Bus) 
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DATA SHEETS 
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This section contains specific electrical and timing data for the following devices: 

. MCI 0800 4-Bit ALU Slice 
• MC10801 Microprogram Control Function 
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MC10800 


ABSOLUTE MAXIMUM RATINGS (see Note 1) 


RATING 

SYMBOL 

VALUE 

UNIT 

Supply Voltage 


Vee 

—8 to 0 

Vdc 

(Vcc=‘» 


Vtt 

—4 to 0 

Vdc 

1 nput Voltage 

Std 

Vin 

0 to Vgg 

Vdc 

(Vcc= 0> 

Bus 

Vin 

Note 2 

Vdc 

Output Source 

Cont 


< 50 

mAdc 

Current 

Surge 

*o 

<100 

mAdc 

Storage Temp. 


"**stg. 

— 55 to +150 

°c 

Junction Temp. 


Ti 

165 

°c 


NOTE: 1. Permanent device damage may occur if absolute 
maximum ratings are exceeded. Functional operation 
should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than 
recommended voltages for extended periods of 
time could affect device realiability. 

NOTE: 2. Input voltage limit is Vqc fo —2 Volts when the bus 
is used as an input and the output drivers are disabled. 


Data sheets on pages 23-D2 through 23-D9 reprinted by permission of Motorola Semiconductor Products, Inc. 
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RECOMMENDED OPERATING CONDITIONS 


PARAMETER 

SYMBOL 

VALUE 

UNIT 

Supply Voltage 

Vtt 

-1.9 to -2.2 

Vdc 

(Vcc =0 Volts) 

VeE 

-4.68 to -5.72 

Vdc 

Operating Temp. 



°c 

(Functional) 

Ta 

-^30 to +85 

Output Drive 

- 

50n to -2.0 Vdc 

- 

Maximum Clock Input 




Rise and. Fall Time 
(20% to 80%) 

tr.lf 

10 

ns 

Minimum Clock 




Pulse Width 

PW 

5 

ns 


ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been 
designed.to meet the dc specifications shown 
in the test table, after thermal equilibrium 
has been established. The circuit is in a test 
socket or mounted on a printed circuit 
board and transverse air flow greater than 
500 linear fpm is -maintained. Outputs are 
terminated through a 50-ohm resistor to 
—2.0 volts. Test procedures are shown for 
only one input, or for one set of input con- 
ditions. Other inputs tested in the same 
manner. 













TEST VOLTAGE VALUES 












@Test 

Volts 











Temperature 

V|Hma« 

^1 Lmin 

VlHAcnin 

ViLAmax 

'/EE 

Vtt 












-30°C 

-.890 

-1.890 

-1.205 

-1.500 

-5.2 

-2 












+25°C 

-.810 

-1.85 

. .-1.105 

-1.475 

-5.2 

- 

2 












+85°C 

-.700 

-1.825 i 

-...,7^1635 

-1.440 

-5.2 

- 

2 





TEST LIMITS 



































-30°C 


+25°C 


♦85°C 


VOLTAGE APPLIED TO PINS LISTED BELOW: 





Characteristic 

Symbol 

Test 


Max 


Typ 



Max 







PM 

Gnd 

Power Supply Drain 

■QB 

1,24 


- 

_ 

195 

_ 



mAdc. 






IQ 

25,48 

12 

36 

Current 


25, 48 

- 

- 

- 

180 

- 

- 

- 







■ 

■ 



7. 

17 

Input Current 


23 




■mi 

65 



fiAdc 

23 





■ 



■ 





31 



- 


350 




31 





■ 








27 



- 


435 




27 





■ 








31 



0.5 

mm 

- 



pAdc 



31 



■ 



■ 



Logic ”0" 

VOH 

13 

• 1.060 

-.89 

-.960 


-.810 

-.890 

-.700 

Vdc 

8. 26,46,47 





■ 



■ 



Output Voltage 


10 

-1.060 

-.89 

-.960 

- ' 

-.810 

-.890 

-.700 

Vdc 






■ 



■ 



Logic "1" •• 

Vql 

13 

-1.94 

-1.675 

+ - 1 .90 


-1.65 

-1.875 

-1.615 

Vdc 

26,46,47 





■ 



■ 



Output Voltage 


10 

. -1.89 

-- 1.675 1 

-i1.85 


-1.65 

.-1.825 

-1.615 

Vdc 

•.47 





■ 



■ 



Logic "O'* 

Vqha 

13 

-1.08 

- 

.980 



- .910 

- 

Vdc 

26. 46. 47 



8 


■ 



■ 



Threshold Voltage 


10 

-1.08 

- 

.980 


- 

-.910 

_ 

Vdc 





47 




■ 



Logic “1" 

''OLA 

13 

- 

-1655 

- 

- 

-1.63 

- 

-1.595 

Vdc 

.26, 46,47 




8 

■ 



■ 



• Threshold Voltage 


10 

-- 

-1,655 


- 

-1.63 

- 

. -1.S95 

Vdc 

• 



47 


■ 



■ 




• V|H Onpins 19, 26, 30, 31,32, 33.34, 35,37 

* The bi-directional outputs are specified at -■ 1 .90 volts for Vq(_ min. 
' This is lower than the normal Vql rnin. output to give increased 

noise margin for bussing applications. 
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SET UP AND HOLD TIMES {NANOSECONDS AT 250C) 


LONGEST PATH 


SHORTEST PATH 





A BUS— ACC (Via ALU) 
0 BUS— ACC (via ALU) 

0 BUS— ACC ( DIRECT) 

1 BUS— ACC (DIRECT) 


ASO, AS1, AS4— ACC 
AS2, ASS— ACC 
AS5, AS6— ACC 
AS10, AS11— ACC 


AS12— ACC 
R-1, R4— ACC 
AS7— ACC 
AS13, AS14— ACC 


AS9,AS15— ACC 
AS 16— ACC 
CIN— ACC 
0 BUS— LATCH 



— i— 



AS* ASO, ASl. AS2. AS j, AS4, ASS. AS6, AS1 0, AS1 1 . AS1 2 


MOTOROLA Semiconductor Products Inc. 
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SWITCHING TIME TEST CIRCUIT 

Vcco= = +2.0 Vdc 


50 ohm termination to ground located in each scope 
channel input. 

All input and output cables to the scope are equal 
lengths of 50 ohm coaxial cable. Wire length should be 
<'/i inch from TPjn to input pin and TPom to output 
pin. 


Clock Input 


Vgg = -3.2Vdc 
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MC10801 


ABSOLUTE MAXIMUM RATINGS (see Note 1) 


RATING 

SYMBOL 

VALUE 

UNIT 

Supply Voltage 


Vee 

-8 to 0 

Vdc 

(Vcc “ 0) 


Vtt 

-4 to 0 

Vdc 

Input Voltage 

Std 

Vin 

0 to Vgg 

Vdc 

(Vqc “ 0) 

Bus 

Vin 

Note 2 

Vdc 

Output Source 

Cont 


< 50 

mAdc 

Current 

Surge 

'o 

<100 

mAdc 

Storage Temp. 


^stg. 

— 55 to +150 

°c 

Junction Temp. 


Tj 

165 

°c 


NOTE; 1. Permanent device damage may occur if absolute 
maximum ratings are exceeded. Functional operation 
should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than 
recommended voltages for extended periods of 
time could affect device reliability. 

NOTE: 2. Input voltage limit is to —2 Volts when the bus 
is used as an input and the output drivers are disabled. 
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SET UP AND HOLD TIMES (NANOSECONDS AT 250C) 


HOLD 


INPUT 


IC0-IC3 (1) 
IC0-IC3 (2,3) 
NA0-NA3 


I Bus, 0 Bus 
CS0-CS3 
CS4 (4) 


CS6-CS8 
B (4) 

Cin 

Din 

RST 

(4) 




(1) All instructions except 2 and 3 below. 

(2) BSR, BRC, BRM or ROC instruction when B • CS4 = 1 . 

(3) BSR, BRC, BRM, ROC, JSR, RPI or RTN instruction when RSQ = 1 . 

(4) BRM instruction only. 


PROPAGATION DELAY TIMES (NANOSECONDS AT ZB^C) 


OUTPUT 

CRO 

CR3 

1 BUS, 0 BUS 

XB 

C 

3Ut 

INPUT 

TYP. 

MAX. 

TYP. 


MAX. 


MAX. 

Clock 



10 


■Hi 


HOI 


15 


IC0-IC3 



- 


mm 


mm 


Km 


CS0,CS1,CS3,CS4 

- 


- 


- 


mm 


- 


CS5 

4.0 


- 


- 


- 


- 


CS6-CS8 

- 


- 


mm 


- 


- ■ 


B 

- 


- 


- 


Km 


- 


C'ln 

- 


- 






KJJI 




■■ 

■■ 

■■ 



*Cout cannot change if RSQ = 0. 
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MClOSOI 



SWITCHING TIME TEST CIRCUIT 

Vcco = Vcc = + 2.0 Vdc 


50 ohm termination to ground located in each scope 
channel input. 

All input and output cables to the scope are equal 
lengths of 50 ohm coaxial cable. Wire length should be 
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Chapter 24 

THE HEWLETT PACKARD MC2 


The MC2 is the first microprocessor manufactured by Hewlett Packard. The MC2 is a 16-bit microprocessor 
designed specifically for process control applications: it has been designed for internal use within the many in- 
struments and electronic products manufactured by Hewlett Packard. The MC2 is most unlikely to be sold as a 
single chip in the foreseeable future: even its availability as a computer card is not guaranteed at the present 
time. , ^ 

Since the MC2 microprocessor is unlikely to be available to anyone outside Hewlett Packard, we may question the 
value of describing it in this book. We have decided to do so since MC2 includes many interesting conceptual innova- 
tionp. However, we do not picin to upgrade the coverage of MC2 beyond the superficial level presented on the following 
pages until (and unless) the part becomes generally available. 

The most important aspect of the MC2 is its technology: it is built using CMOS logic with Silicon On Sapphire 
(SOS technology). The CMOS logic gives the MC2 typical CMOS low power requirements and noise insen- 
sitivity, while Silicon On Sapphire technology gives it high speed. 

© Using a +12V power supply, the MC2 operates with a 125 nanosecond clock and executes instructions in 4 to 
12 clock cycles. Typical instructions are therefore executed in less than one microsecond. 

The MC2 is packaged on a squared, 48-pin leadless ceramic substrate. 

The sole manufacturer of the MC2 is: 

HEWLETT PACKARD COMPANY 
Data Systems Division 
11000 Wolfe Road 
Cupertino, CA 95014 

A second source for this microprocessor is unlikely in the foreseeable future. 

AN MC2 SYSTEM OVERVIEW 

Logic implemented on the MC2 CPU chip is illustrated in Figure 24-1. A number of support devices for the MC2 
has been manufactured, but no information on these support devices is available at the present time. 

Clock logic is external to the MC2 chip: however a simple single waveform external clock signal will suffice. 

Figure 24-1 shows I/O interface logic as being implemented on the MC2 CPU chip. This reflects the unusual way in 
which the MC2 handles external devices. The MC2 CPU has eight 16-bit general-purpose programmable registers. Ev- 
ery I/O device is assumed to have a CPU equivalent set of eight programmable registers. Instructions and control sig- 
nals of the MC2 treat registers of the CPU and I/O devices similarly, which means that no special I/O interface logic is 
required. 
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Clock Logic 



Logic to Handle 
Interrupt Requests 
from 

External Devices 


Accumulator 

Registerfs) 


Data Counterfs) 


Cotttrol Unit 


Stack Pointer 


Direct Memory 
Access Control 
Logic 


Bus Interface 
Logic 


Interrupt Priority 
Arbitration 


Program Counter 


System Bus 


ROM Addressing 
and 

Interface Logic 


I/O Communication 
Serial to Parallel 
Interface Logic 


RAM Addressing 
and 

Interface Logic 


I/O Ports 
Interface Logic 


Read/Write 

Memory 


Read Only 
Memory 


Programmable 

Timers 


I/O Ports 


Figure 24-1. Logic of the Hewlett Packard MC2 Microprocessor 

MC2 PROGRAMMABLE REGISTERS AND STATUS 

The MC2 has eight 16-bit programmable registers and an 8-bit Stack Pointer. In addition there is an 8-bit I/O 
Device Identification register. Registers may be illustrated as follows: 


15 0 



Also Status register 


Any register may serve as 
a Data Counter 


RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 

Stack Pointer (SP) 

Device Identification register (Dl) 


Any one of the eight 16-bit registers may be used as a Data Counter. 
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Register RO serves as the Status register. Its contents are interpreted as follows: 


15 U 13 12 11 10 9 8 7 6 5 4 3 2 1 0 






4 k 


Bit No. 


Status register (RO) 


• First bit of low order byte 
Priority code 
‘ Low order byte Zero 
Low order byte Negative 
Interrupt enable 
' Word Zero 
' Word Negative 
‘ Word Carry 
■ Word Overflow 


The Zero, Negative, Carry and Overflow statuses in bits 1 1, 12, 13 and 14, respectively, apply to the 1 6-bit result of the 
most recent data operation performed. Zero, Carry and Overflow are standard statuses, as described in Volume I, 
Chapter 6. The Negative status reflects the sign of the 16-bit result; that is to say, it is set to the value of the result's 
high-order bit. 

The Interrupt Enable flag in Status register bit 7 is set to 1 in order to enable interrupts. It is reset toO in order to disable 
interrupts. 

The low-order byte Zero and Negative statuses are identical to standard Zero and Negative statuses, except that they 
reflect the low-order 8 bits of the most recent operation's result. This may be illustrated as follows: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 —a Bit No. 



The low-order three Status register bits are referred to as a Priority Code. This Priority Code identifies the highest order 
1 bit in the low-order byte of the most recent operation's result. The Priority Code has the value of the bit position being 
identified. Here are some examples of Priority Codes: 

Result 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -a Bit No. 



■ 

" 

■ 


I 

A 

A 

■ 

I 

" 

" 

" 

■ 

I 

I 

Priority Code • 

6 

1 

1 


15 14 13 12 11 10 9 8 7 i 

>5 4 3 2 10 

Bit No. 

Priority Code 


0 

a 

0 

0 

0 

a 

a 

0 

a 

a 

a 

a 

0 

a 

a 


4 


The Stack Pointer enables a 256-word Stack. The Stack occupies the first 256 words of read/write memory, 
with memory word 0 being the top of the Stack. 
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Figure 24-2. CPU and I/O Device Registers' Organization for the MC2 


The I/O Device Identification register, also referred to as a Base register, identifies one of 256 possible external 
I/O devices. The identified external I/O device will be interpreted as consisting of eight 1 6-bit registers. When execut- 

inn RogScfor.Ronictor inefrijnf Snnc^ thnro jc jjttlS fH^d? th? ^!Qht G^U ''8C**St0rS B'^d 

elgiit registers of trie identifieu externai device. The two sets of eight registers constitute a 16-register bank out of 
which two operands are selected. The two operands may or may not come from the same register. The destination, 
which is the first identified operand register, is usually one of the CPU registers (RO - R7); only the Register-Register 
Move instruction permits an external register (R8 - R15) to be the destination. This scheme is illustrated in Figure 
24-2. 

MC2 MEMORY ADDRESSING MODES 

The MC2 is quite limited in its memory reference capabilities. Instructions allow you to load data from memory into a 
CPU register, or to store data from CPU registers to memory. Data access instructions use direct memory addressing 
or implied memory addressing. 

Direct memory addressing instructions are two words long: the second instruction object code word provides the 16- 
bit direct memory address. 

Instructions that use implied memory addressing allow any one of the eight CPU registers to specify the 1 6-bit memory 
address. 

Conditional Branch instructions and Subroutine Call instructions allow direct and indirect addressing; however direct 
addressing is program relative and the displacement is an 8-bit signed binary number. . 

HARDWARE ASPECTS OF THE MC2 

We are not going to describe pins and signals of the MC2 because Hewlett Packard has not made sufficient infor- 
mation available at the present time. Also, such information will be irrelevant until you can buy the MC2 as a chip. In- 
stead we will provide a brief summary of principal MC2 hardware characteristics. 

The MC2 is packaged as a 48-pin package. This allows separate 1 6-bit Data and Address Buses, together with an ade- 
quate set of control signals. Control logic on the System Bus is asynchronous, having a request/acknowledge control 
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philosophy. This simplifies multiple CPU configurations. Execution of a "No Operation" instruction puts any CPU into a 
slave state on the System Bus, at which time its internal registers may be accessed by some other "master" CPU. A 
slave CPU may be converted into the master via an interrupt request. 

MC2 interrupt logic is primitive but effective. There is one interrupt request line; when an interrupt is acknowledged, a 
subroutine call to memory location FFFE 10 is executed. Memory location FFFE-ig must contain the beginning address 
for the interrupt service routine. 

THE MC2 INSTRUCTION SET 

The MC2 instruction set is characterized by a lack of distinction between CPU registers and I/O devices. Most instruc- 
tions that operate on data or move data are Register-Register instructions: as illustrated in Figure 24-2, each register 
may be an internal CPU register or a register out of an I/O device. Thus there is no difference between Move instruc- 
tions that access two CPU registers, one CPU register and an I/O device, or two registers from the same I/O device. This 
similarity between Register-Register and I/O instructions is manifest by the way in which the MC2 instruction set has 
been defined in Table 24-1. 

For a better understanding of MC2 instructions, you must understand the way in which Register-Register instruction 
object codes are defined. This may be illustrated as follows: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -O Bit No. 

Instruction object code 


rrm 


A 



0000 - Swap bytes 

0001 - Swap bytes and clear low order byte 

0010 - No operation 

001 1 - Oear low order byte 

0100 - Swap bytes and clear high order byte 
01 10 - Oear high order byte 

1 100 - Move bits 12 - 15 to 0 - 3. Clear bits 4-15 

1 101 - Move bits 8 - 11 to 0 - 3. Clear bits 4-15 

1 1 10 - Move bits 4 - 7 to 0 - 3. Clear bits 4-15 

1 1 1 1 - Oear bits 4-15 


Operation Field (Bit 11) 

0(X)0 - Logical AND 0 

0000 - Reset Bit 1 

0001 - Logical OR 0 

0001 - Set Bit 1 

0010 - Compare Registers 0 

0010 - Test Bit 1 

001 1 - Logical Exclusive-OR 0 

001 1 - Compare Bit 1 

01(X) - Branch 0 

0101 - Move Register-to-Register X 
0111 - Add 0 

01 1 1 - Subtract 1 

1100 - Load from Memoiy X 

1101 - Store to Memory X 
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Source registers 1 and 2 may each be identified as any one of the eight CPU 1 6-bit registers, or any one of the eight I/O 
device 16-bit registers. The particular I/O device which is currently selected is defined by the contents of the I/O 
Device Identification register. 

Source register 1 also becomes the Destination register for the result of the operation. In all instructions except MOVE, 
Source register 1 must be one of the eight CPU registers. 

The contents of Source register 2 are manipulated before becoming an operand for the operation to be performed. The 
manipulation performed on Source register 2 contents is defined by the field descriptor. Register-Register instructions 
therefore perform an operation identified by bits 12 through 15 of the instruction object code; the operation uses two 
1 6-bit operands as inputs. These two operands may come from the CPU register or the currently selected I/O device’s 
registers. One 1 6-bit operand may be manipulated as defined by the field descriptor before it becomes an input to the 
operation specified by the instruction code. 

THE BENCHMARK PROGRAM 


For the Hewlett Packard MC2 our benchmark program may be illustrated as follows: 


LOOP: 


LDWI 

R1 =IOBUF 

LOAD 

R2 = COUNT 

LOAD 

R3 = TABLE 

LOAD 

R4 = (R1) 

STOR 

(R3) = R4 

ADDI 

R1.1 

ADDI 

R3.1 

SUBI 

R2,1 

CBR 

LOOP IF G 

STOR 

TABLE = R3 


LOAD INPUT BUFFER ADDRESS IN REGISTER 1 

LOAD BUFFER SIZE IN REGISTER 2 

LOAD NEXT FREE TABLE LOCATION IN REGISTER 3 

INPUT DATA WORD TO REGISTER 4 

STORE WORD TO NEXT FREE TABLE LOCATION 

INCREMENT BUFFER ADDRESS 

INCREMENT TABLE ADDRESS 

DECREMENT WORD COUNT 

REITERATE IF COUNT STILL GREATER THAN ZERO 

SAVE ADDR OF NEXT TABLE WORD 


This benchmark program makes very few assumptions. Memory is addressed in 16-bit units (rather than 8-bit bytes), 
and data is transferred 16 bits at a time. The input table lOBUF and the data table TABLE can have any length, and can 
reside anywhere in memory. The address of the first free word in TABLE is stored in the first word of the TABLE. 


The following notation is used in Table 24-1: 


BYTE 
CDST ) 
CREG > 
CSRC ; 

DST 

Dl 

F 

<.FD> 


REG (FD) 
SRC (K) 

SRC<K> 

<.l> 


8 bits of immediate data — the lower byte of the instruction word. 


Any of the CPU registers (Registers 0 through 7). 


Any of the 16 registers, used as the destination of a move or result. 

The I/O Device Identification register (Base register). 

Fill specification for register shift: if F is 0, the bit is reset to 0; if F is 1, the bit is set to 1. 

Optional field descriptor: 

SWB Swap bytes 

LJL Left justify lower byte 

LJU Left justify upper byte 

RJU Right justify upper byte 

RJL Right justify lower byte 

RJO Right justify high-order nibble 

RJ1 Right justify next-to-high-order nibble 

RJ2 Right justify next-to-low-order nibble 

RJ3 Right justify low-order nibble 

The result of the operation of the field descriptor on the specified register. 

Operand field specification of one bit of the register. Register may be any of the 16 registers; K may 

be any number from 0 to 15. 

Bit K of Register SRC. 

Optional indirection specification. When I is present, the address used is the contents of the memo- 
ry location addressed. 
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<,IF CC> Optional Condition Code representing a linear combination of the Zero and Negative status flags 

and "G reate r Than"; 

N Z NVZ 

0 0 0 Not true 

0 0 1 G - greater than 0 

0 1 0 E - equal to 0 

0 1 1 GE - greater than or equal to 0 

10 0 L - less than 0 

10 1 LG - not equal to 0 

11 0 LE - less than or equal to 0 

1 1 1 Unconditional branch 

LABEL, A 16-bit address; it may be the second word in the instruction, or its lower byte may be the lower 

byte of a one-word instruction. 

REG Any of the CPU or external registers. 

<(REG<,FD>)> Optional indexing specification. For example, the instruction: 

IBR TABLE(9,RJL) 

will calculate an address by clearing the upper byte of the contents of Register 9 and adding the 
result to the 16-bit word TABLE. Then the contents of the location thus addressed will be the ad- 
dress at which instruction execution continues. 

RO Register 0, the Status register, as described earlier in this chapter. 

PC The Program Counter. 

SP The Stack Pointer. 

SRC Any, of the 16 registers, used as the source of an operand. 

STATUSES The following status flags are affected by the instructions: 

0 The Overflow status 
C The Carry status 
N The Negative or Sign status 
Z The Zero status 

L The lower byte statuses NL and ZL 
The following symbols are used in the STATUSES columns: 

A blank means the status flag is not affected by the operation. 

X The operation affects the status flag in a meaningful manner. 

? The operation affects the status flag, but it is meaningless. 

WORD 16 bits of immediate data. 

X <y,z> Bits y through z of the Register x. For example, PC<15,8> represents the upper byte of the Pro- 

gram Counter. 

[ ] Contents of location enclosed within brackets. If a register designation is enclosed within the 

brackets, then the designated register's contents are specified. If a memory address is enclosed 
within the brackets, then the contents of the addressed memory location are specified. 

[[ ]] Implied memory addressing; the contents of the memory location designated by the contents of a 

register. 

A Logical AND 

V Logical OR 

-V- Logical Exclusive-OR 

— Data is transferred in the direction of the arrow. 

** Exponentiation. 2**K represents a 16-bit word with a 1 in bit K. and 0 in all the other bits. 
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Table 24-1. A Isummary of the MC2 Instruction Set 







STATUS ES 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 



OPERATION PERFORMED 

O 

c 

N 

:: 

L 








LOAD 

CDST = LABEL 

4 







[CDST] — [LABEL+ [CSPaFD)]] 

QC 


<(CSBC<.FD»> 








Load CPU register from memory using direct addressing or indexed addressing via a CPU 

5 “ 










register. 

UJ O 

5 Z 

LOAD 

CDST =(CSBC) 

2 







[CDST]— [[CSRC]] 











Load CPU register from memory using implied addressing via a CPU' register. 

< u 

STOP 

LABEL <(CDST 

4 







[ LABEL + [CDSTIFD)]] — [CSRC] 

S oc 


<,FD>)> =CSPC 








Store CPU register to memory using direct addressing or indexed addressing via a CPU register. 

cc 

a 

STOP 

(CDST) = CSRC 

2 







[[CDST]] — [CSRC] 











Store CPU register to memory using implied addressing via a CPU register. 

UJ 

Q t 

LDWI 

CDST = WORD 

4 







[CDST] — WORD 

z 1 
< 2 

LDBI 

REG = BYTE 

2 

? 

? 

X 

>: 

X 


Load immediate 16 bits to CPU register. 

[REG<7,0>] — BYTE 

“ 5 










Load immediate 8 bits to CPU or external register. 


ADDI 

CDST.BYTE 

2 

X 

X 

X 

>; 

X 


[CDST] — [CDST] + BYTE 

H ui 




: 






Add immediate 8 bits to lower half of CPU register. 

- < 

Q ? 

SUBI 

CDST, BYTE 

2 

X 

X 

X 

>; 

X 


[CDST] — [CDST] -BYTE 

u u 










Subtract immediate 8 bits from lower half of CPU register. 

S o 

CMPPI 

CREG.BYTE 

2 

X 

X 

X 

>; 

X 


[CREG] -BYTE 











Compare immediate 8 bits with lower half of CPU register. Only the statuses are affected. 


BP 

REG <.FD > 

2 

■ 


■ 

■■ 

■ 

■ 

[PC]— [REGFD)] 





■ 


H 

H 

1 

H 

Branch to memory location addressed by register contents or by some operation on the 
register's contents. 

z 

IBP 

LABEL <(REG<,FD>)> 

4 







[ PC] — [ LABEL + [ REG(FD)] ] 

O 




I 





H| 

Branch using direct addressing or indexed addressing via any CPU or external register. 

Q 

CALL 

LABEL <,l > <IF CC > 

2 


7 





If CC is true then 

o 




HH 




HH 


[[SP]]-[RO] 











[SP] — [SP]+ 1 

o 










[RO]— [PC] 

X 

O 










[PC]— [PC]<15,8>LABEL<7,0> or 

z 

< 










[PC]— [[PC] <15,8 >LABEL <7,0 >] if 1 is specified 

oe 










Subroutine call — may be conditional or unconditional. If condition is not satisfied. Program 

o 










Counter is incremented and next instruction is executed. If condition is satisfied, statuses are 

z 

< 










saved on the stack, the incremented Program Counter is saved in Register 0, and the lower 8 bits 

a.' 










of the Program Counter are replaced by the second byte of the instruction. Subroutine starting 

s 










location must be within 256 words of CALL instruction location. 


PTN 

CREG 

2 







[PC] — [CREG] 

o 










[CREG]— [[SP] - 1] 











[SP]— [SP] - 1 











Subroutine return — get return address from specified CPU register and pop the stack into that 





■ 

■ 

1 

1 

1 

I 

register. 
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Table 24-1. A Summary of the MC2 Instruction Set (Continued) 








STATUSES 



TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 






OPERATION PERFORMED 

0 

c 

N 

z 

L 


z 

o 

CBR 

LABEL <.I><IF CO 

2 







If CC is true then 

o b 

Z o o 










tPCl— [PC]<15,8>LABEL<7,0> or 

< Z S 










fPC]— tlPC)<15,8 >LABEL < 7,0 > 1 if 1 is specified 

CL O 2 

? -9 ^ 










Conditional branch — if condition is satisfied, then replace lower 8 bits of Program Counter with 

= o z 
• Z o 










lower 8 bits of Instruction. Branch destination must be within 256 words of CBR instruction. 

o o ^ 
z 
< 

QC 

CD 











ce 

UJ 

MOVE 

DST -SRC<,FD> 

2 

7 

7 

X 

X 

X 


[DST]— [SRCIFDII 

H 










Move data from register to register, optionally operating on source word. 

i o w 

5 lu > 

STRB 

COST 








[CDST]— [Dl] 

< cc o 
o tk ^ 

~ UJ 










Move contents of Device Identification register into specified CPU register. 

LDRB 

CSRC<.FD> 

2 







[Dll— [CSRC(FD)] 

v> 










Load Device Identification register with contents of a CPU register, or with some function of 

iD 

UJ 

c 










those contents. 

cc 

ADD 

CDST,SRC<,FD> 

2 

X 

X 

X 

X 

X 


[CDST] — [SRaFD)]+ [CDST] 

52 

5 




■ 

■ 

B 


■ 


Add contents of CPU register and any register; deposit result in CPU register. 

SUBR 

CDST,SRC<,FD> 

2 

D 

D 

D 

B 



[CDST]— [SROFD)]- [CDST] ' 

oc 




wM 

B 

B 

B 

B 


Subtract contents of CPU register from any register's contents: deposit result in CPU register. 

cc yi 

AND 

CDST,SRC<,FD> 


D 

B 

D 


B 


[CDST] — [SROFD)] A [CDST] 

H 5 
« g 





B 

B 

B 

B 


AND CPU register contents with any register's contents; deposit result in CPU register. 

a CL 

OR 

CDST.SRC<,FD> 



B 

D 

B 

B 


[CDST] — [SROFD)] V [CDST] 

tt ° 




■ 

B 

B 

B 

B 


OR CPU register contents with any register's contents; deposit result in CPU register. 

o 

z 

XOR 

CDST.SRC<.FD> 


B 

B 

D 

D 

B 


[ CDST] — [ SROFD)] V- [ CDST] 

< 




B 

B 

B 

B 

B 


Exclusive-OR CPU register contents with any register's contents; deposit result in CPU register. 


CMPR 

CDST.SRC<,FD> 


D 

D 

B 

D 



[SROFD)] - [CDST] 





B 

B 

B 

B 

B 

B 

Compare contents of CPU register with those of any register. Only the statuses are affected. 


ADDC 

CREG 


nj 

B 

D 

m 

B 

B 

[CREG] — [CREG] + [C] 







N 


m 


Add Carry bit to contents of CPU register. 


NEC 

CREG 



B 

B 


B 


[CREG]— 0- [CREG] 

ui 

H 






N 

WM 

B 


Negate contents of CPU register (twos complement). 

< 

CC 

CMPL 

CREG 



7 

D 


D 


[CREG]- [CREG] 

UI 

& 

O 

OC 

UJ 

H 

u> 

5 

UJ 

cc 

SHFTl. 

RRL,CREG<.C> 

1 

1 

1 

1 

1 

1 

1 

(implement contents of CPU register (ones complement). 

[CREG] 




1 

1 

1 

1 

1 

1 

1 

Rotate CPU register contents left one bit position, through Carry if specified. 
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Table 24-1. A Summary of the MC2 Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(Sl 

BYTES 

STATUSES 

OPERATION PERFORMED 

O 

c 

N 

z 

t 


REGISTER OPERATE 

(CONTINUED) 

SHFTL 

SHFTR 

SHFTR 

LSL,CREG,F 

RRR,CREG<,C> 

LSR,CREG,F 

CM CM 

X 

? 

? 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 




[CREG] 

Shift CPU register contents left one bit position, filling bit 0 according to F. 


'i»r m 1 H- n* n 1 


[CREG] 

Rotate CPU register contents right one bit position, through Carry if specified. 



[CREG] 

Shift CPU register contents right one bit position, filling bit 15 according to F. 

Z 

SBIT 

CDST.SRaK) 

2 

? 

? 

X 

X 

X 


[SRC<K>]*-1 

P 










[COST]— [SRC] 

< 







11 

■ 


Set the specified bit of the specified register to 1, then deposit result in a CPU register. 

& 

RBIT 

CDST,SRC(K) 


n 

? 

D 


H 


[SRC<K>] — 0 

z 






H 




[COST] — [SRC] 

S 






H 




Reset the specified bit of the specified register to 0, then deposit result in a CPU register. 

- 1- 

CBIT 

CDST.SROK) 



? 

H 


X 


[SRC<K>]^[SRC<K>] 

CQ 




HH 






[COST]— [SRC] 

i 










Complement the specified bit of the specified register, then deposit result in a CPU register. 

< 

TBIT 

CDST,SRC(K) 


D 

? 

D 


H 


[COST] — [SRC] A2**K 





■ 


■ 

s 

■ 

■ 

Set all bits of the specified register, except the specified bit, to 0; deposit result in a CPU register. 


PUSH 

CREG 


■ 

n 

■ 

■ 

■ 

■ 

[[SP]]-[CREG] 

o 










(SP]— (SP]+ 1 











Store CPU register's contents on top of stack. 


POP 

CREG 



■ 


■ 

■ 

■ 

[CREGl— [[SP]- 1]; [SP] — [SP]-1 





■ 

■ 

■ 

I 

■ 

■ 

Load CPU register from top of stack. 

1 
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CPU enters idle state. 
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Chapter 25 

SELECTING A MICROCOMPUTER 


So you have a product and you may want to build it using microcomputer devices. You have two decisions to 
make: 

1) Should you use a microcomputer at all? 

2) And if so, which? 

Of course, both decisions must be based on minimizing costs. 

The eventual unit price for any product, whether or not it includes a microcomputer, is given by the equation: 

F 

p + V 

N 

In the above equation, P represents unit price, F represents fixed costs, V represents variable costs and N 
represents the number of units you plan to build. 

Fixed costs are the front-end expense which is essentially insensitive to the number of 
units you plan to build. Fixed costs include the following items: 

1) Product evaluation expense, including preliminary market research. 

2) Product advertising and promotion expense. 

3) The cost of doing a competitive analysis to select a microcomputer. 

4) The cost of going from specification to product. 

Variable costs are the costs that must be incurred for every unit built. These are the con- 
tributors to variable costs: 

1) The cost of logic components and particularly, whether you have access to second 
sources for all logic components. A product without a second source may be a product 

, that becomes significantly more expensive as time goes by. 

2) Assembly line expenses. 

3) Product testing expenses. 

V\?hile you are still deciding whether to use microcomputer logic or discrete logic, two further considerations 
must be taken into account: 

1) Subsequent product modification 

2) After sales servicing 

Remember, if your product is built around a microcomputer you can make very drastic 
changes to the product simply by rewriting the microcomputer program. That will result in a 
single ROM or PROM device having to be replaced. Were the product completely implemented 
using discrete logic, a similar product change may require one or more boards of logic to be com- 
pletely replaced. 

The cost of servicing a product built around a microcomputer is significantly less than the 
cost of servicing a product that uses discrete logic. There are two reasons why this is so. 

First, a product that is built around a microcomputer is likely to have far fewer components ' 

than the same product implemented entirely out of discrete logic. This means that not only are there fewer parts to 

malfunction, but when a part does malfunction, it is easier to locate. 

The second reason that servicing a microcomputer-based product is cheaper than servicing the same product 
implemented in discrete logic is that you can write a diagnostic program to test every logic device on a card. 

Suppose there are 200 logic devices on a large card that includes a microcomputer system. Give each device a number. 
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and place eight light-emitting diodes at the card edge. Then write a program which systematically tests every single 
device on the card to ensure that it is functioning correctly. Any malfunctioning device may be identified using the 
eight light-emitting diodes to display a binary device number. There are, of course, numerous applications where this 
simplistic approach to diagnostics will not work, but in many applications the concept has potential. 

In order to determine whether you should use a microcomputer at all, you must estimate costs, based on fixed 
and variable expenses, for a product built around a microcomputer, and for a product built entirely out of dis- 
crete logic. You must then consider continuing engineering and after sales service economies that may accrue 
when you build your product around a microcomputer. 

Assuming that you are going to use a microcomputer, which should you use? Let us examine the impact that 
microcomputer selection has on fixed and variable costs. First consider variable costs. 

It may not be immediately apparent, but a microcomputer's instruction set and execution 
speed will usually have very little impact on variable costs, being overwhelmed by simple 
pricing considerations. For example, the F8 has an instruction set that will invariably generate 
longer object programs than an equivalent 8080A system. On the other hand, by combining the 3850 CPU with a 3851 
PSU, you have a two-device system which includes a CPU, 1024 bytes of ROM, 64 bytes of RAM, four I/O ports (each 
of which are 8 bits wide), a programmable timer and a single external interrupt line. Providing your application is sim- 
ple enough to fit into this small configuration, the fact that the 8080A instruction set is superior, or that 8080A pro- 
grams execute faster, becomes irrelevant. If your F8 program fits in the minimum 1 K bytes of memory, memory savings 
become irrelevant, and it would take seven 8080A devices to give you the same functional capacity as the two F8 
devices. Clearly, the seven 8080A devices will cost considerably more. 

If the F8-based product provides lower parts costs (Variable Costs), but the 8080A-based product costs less to 
develop (Fixed Costs), at what point will fixed costs become more important than variable 

Let us answer the question by looking more closely at factors that contribute to fixed costs. 

Of the four cost factors that contribute to fixed costs, only the fourth, the cost of going from 
specification to product, can be critically evaluated. 

We will begin by summarizing, without comment, the steps that lead from a specification to an end product. 
Using this sequence of events as a framework, we will describe the decisions you must make, and the basis on 
which you should make these decisions. 

DESIGNING LOGIC WITH 

MICROCOMPUTERS— A SEQUENCE OF EVENTS 

An\/ microcornputer deveiopmsnt project w!!! involve ocme minor voriOticns of thoss riine steps: 

1) Specify the product. The need for clear and accurate specifications is more critical when a product is to be built 
around a microcomputer than it would be if the product were to be built around discrete logic. 

Remember that designing with discrete logic involves a single set of choices — the selection of discrete logic com- 
ponents. When you use a microcomputer, there are two sets of choices: having decided on the CPU and the 
devices that will surround the CPU, you still have to create a program, which means that enormous flexibilities and 
variables remain unresolved even after the hardware has been selected. In other words, you are going to be faced 
with constant hardware/software tradeoffs. Unless an excellent specification defines the product which is to be 
built, the process of compromising between hardware and software will be difficult at best, and will result in un- 
foreseen errors at worst. 

2) Prepare a preliminary hardware design. Even before you have selected a microcomputer, you will lay out a 
preliminary product design, leaving as "black boxes" those parts of the product which will eventually become the 
microcomputer system. 

3) Specify the microcomputer requirements. The "black boxes" from step 2 can now be expanded into a set of per- 
formance criteria upon which the selection of a microcomputer will be based. Some iteration between steps 2 and 
3 may be required. 

If the first time you perform step 3, you discover that no microcomputer on the market can meet your performance cri- 
teria, redo step 2; relax the demands placed on the microcomputer by identifying the critical steps that the microcom- 
puters cannot handle, then implement these critical steps using discrete logic. In other words, shrink the "black box". 

If you find that virtually every microcomputer provides overkill for your job as specified, it is worth going back to step 2 
to see if some additional logic functions can be performed by the microcomputer. In other words, expand the "black 
box". 
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A frequently made error, when specifying the logic that must be implemented by a microcomputer, is to needlessly in- 
clude steps that demand extremely fast logic. Remember, none of the microcomputers described in this book are capa- 
ble of performing real-time events in much less than ten microseconds. 

Erring in the other direction, another common mistake is to underestimate what a microcomputer can do. A microcom- 
puter can handle large volumes of data, and can perform complex data manipulations, providing program execution 
g speed is unimportant. 

Depending on your history as a microcomputer user, it may or may not be worthwhile doing a competitive 
analysis of microcomputer products. If it is worthwhile, you will, at this point, narrow the field to two or 
three products. 

Write source programs. You must now make a major decision: do you write source programs in assembly 
language or in a higher level language? 

Most microcomputer manufacturers now allow you to write source programs in FORTRAN Intel's new program- 
ming language, PL/M, is also being adopted by a number of microcomputer manufacturers. In all probability, a 
growing number of Higher level languages will be made available to microcomputer users. As we will discuss later 
in this chapter, however, using assembly language is frequently less expensive. 

Convert the source program to an object program. This step may be handled in one of two ways: you may use a 
time-sharing computer service or you may use a microcomputer development system. 

A microcomputer development system looks like a minicomputer system, but is built around the microcomputer of 
your choice. 

Until you have made a final microcomputer selection, you will likely use a time-sharing service to convert your 
source programs to object program format. Eventually you are going to need access to a microcomputer develop- 
ment system (for step 7); therefore, it makes sense to get off the time-sharing service and to start using a 
microcomputer development system as soon as you have made your final microcomputer selection. 

Convert the object program into Programmable Read Only Memory devices (PROMs). You will do this using 
the microcomputer development system that supports the microcomputer of your final choice. 

Build a prototype of your product. Now is the time to ensure that all conceivable errors have been detected and 
corrected, both in the programs driving the microcomputer and in the logic supporting it. Correcting programming 
errors and logic design errors will require constant iteration between development steps, perhaps as far back as 
step 2. 

Create a ROM mask. Unless your product is a low volume item, or is still being developed, economics dictate that 
you stop using PROMs and start using ROMs. 

When you are certain that all your programs are correct, you will define ROM masks for your read only memory 
devices. ROMs will likely be created for you by the microcomputer manufacturer. 

Programs that drive your microcomputer now become nothing more than logic devices, and will be handled 
routinely on the production line, like any other logic device. 

Within the framework of these nine steps, we are now in a position to explain how you go about estimating pro- 
duct development costs. 

The most important factor determining microcomputer-based product development costs is the type of assis- 
tance you receive, either from the microcomputer manufacturer, or from an alternative source. Product develop- 
ment assistance can be divided into development hardware and system software. 

Development hardware consists of a minicomputer-like device which you will use to implement some or all of 
steps 6 through 9. System software consists of programs that make the hardware usable. 

We will describe microcomputer development hardware first, and system software next. 

MICROCOMPUTER DEVELOPMENT HARDWARE 

At the center of any hardware development system, there will be a box that looks like a minicomputer. 

In its simplest form, this box closely parallels a minicomputer. Its Central Processing Unit is a microcomputer, 
which is surrounded by read/write memory, I/O interface, and logic to support the various options available with the 
microcomputer. All this is packaged in a minicomputer-like box, with a power supply and a front console. This "micro- 
minicomputer" will have minicomputer-style peripherals, including an input device, an output device and bulk storage 
devices. 
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A very simple micro-minicomputer system will consist of the microcomputer box and a 
teletype. The teletype keyboard is the input device, the teletype printer is the output device, 
and the teletype paper tape reader/punch is the bulk storage device. 

Source programs and any other human readable documentation will be printed by the 
teletype printer. 

The source program you enter and the object program which the computer creates will both be output by the 
teletype paper tape punch. Subsequently, these paper tapes may be input via the teletype paper tape reader. 

The first enhancement of this very simple hardware development system will be to stop using the teletype 
paper tape reader/punch as the bulk storage device, replacing it with a tape cartridge or floppy disk system, 
which is much faster and easier to handle. 

The next enhancements will be to replace the teletype keyboard with a CRT terminal, and the teletype printer 
with a line printer. 

At this point your microcomputer development system looks remarkably like a small minicomputer system, and 

you will use it, just as you would use a minicomputer system, to create source programs, and to convert source pro- 
grams into object programs. 

However, your microcomputer development system will have one feature which no minicomputer ever had: on 
the console of the microcomputer box there will be a plug, into which you can insert unused Programmable 
Read Only Memory devices. The development system will give you the ability to write any part of your object pro- 
gram into a PROM, via the console plug. You may take the PROM, plug it into a prototype board, and test the prototype 
product in the traditional way. 

Every microcomputer manufacturer provides a straightforward microcomputer development system, as de- 
scribed above. The oldest and most popular microcomputers, such as the Intel 8080, now have more sophisti- 
cated development systems available. These more sophisticated development systems are produced hot only by the 
microcomputer manufacturer, but by a number of independent companies who are rapidly entering the microcomputer 
development products business. 

The first enhancement of the straightforward microcomputer development product, as 
described above, is a product that allows you to include a hardware simulation of the 
logic you are developing, within the microcomputer development system. Conceptually, 
such a system may be illustrated as follows: 
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Since there is no established term to describe microcomputer development systems as illustrated above, we 
will call it a "Simulating Microcomputer Development System". In reality, the only parts of your system that 
will indeed be simulated are read only memory, interrupts, direct memory access and I/O. 

If read only memory can be accurately simulated within the development system, then you will be able to bypass the 
Programmable Read Only Memory creation step, at least until you are certain (to the extent that you can be certain) 
that your programs are error-free. 

By allowing the product you are developing to be handled as though it is an external device, the microcomputer 
development system serves the double purpose of allowing you to create object programs and, at the same time, of 
allowing you to check that the object programs, together with your external digital logic, perform as required. In theory, 
the microcomputer development system can now take you right up to the point where you can define your ROMs and 
organize a production line. 

Another development system enhancement that is appearing with greater frequency is the system that can 
handle more than one microcomputer. Intel, for example, sells not only the Intel 8080A, which is described in this 
book, but also the Intel 8008, two 4-bit microprocessors and the 3000 Series chip slice. You can use Intel’s ICE 
microcomputer development system to develop logic around any of the microcomputers sold by Intel 

Independent manufacturers of microcomputer development products are attracted to the idea of a microcomputer 
development system that can be used with more than one microcomputer, since this gives them the flexibility of selling 
into more than one manufacturer's market. 

MICROCOMPUTER SYSTEM SOFTWARE 

Neither a time-sharing computer service nor a microcomputer development system is of any value without pro- 
grams that give you access to the capabilities of the system. We refer to these programs collectively as system 
software. 

© We have described in Volume I, Chapter 6 how a program must first be written in a programming language using 
pencil and paper. The program is then converted into a sequence of binary digits, stored in computer memory. 
Microcomputer systems demand an additional step, that is, the creation of a read only memory device, within 
which the object program is implemented. 

Figure 25-1 illustrates the components of system software which are routinely found in ( EDITOR | 
microcomputer systems. The Editor, Assembler and Compiler have already been described in 
Volume I, Chapter 6. Referring to Figure 25-1, step 1 shows how an Editor program, is loaded into computer memory 
and is used to create a source program, which is then stored in a computer-readable form on paper tape, magnetic 
cartridge or disk. 

The Monitor is a small resident program that simply lets you identify and load individual | MONITOR | 
system software modules. ^ 

In Figure 25-1, step 2, the source program is either assembled or compiled, depending upon | ASSEMBLER | 
whether the source program was written in assembly language or a higher level language. '* 

An object program is created. 

A number of aspects of source and object program creation are not self-evident. The first and most obvious 
question to ask is whether the amount of memory available in the microcomputer development system for 
source and object programs will be sufficient. In Figure 25-1, step 2. memory is illustrated holding, at one time, 
source programs, object programs, an Assembler or Compiler, and a Monitor. What if the source program and object 
program are simply too big to fit into memory as illustrated? 

There is another potential problem, the object program developed in step 2 is almost certain to. contain errors, and it is 
not unreasonable for a source program to be corrected and re-assembled ten, twenty or more times before an error-free 
object program results. How long will it take to load the Editor for step 1, then reload the Assembler for step 2? 

Let us first consider those problems associated with the need to constantly edit and re-as- 
semble a source program, while detecting and correcting program errors. Are there any hid- 
den problems to watch out for in this process? 
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If your development system uses magnetic tape cassettes or floppy disks as the bulk storage device, you will have no 
problems; it will just take a few seconds to load either the Assembler or Editor into memory; therefore, an inconsequen- 
tial amount of time will be wasted shuttling between steps 1 and 2 of Figure 25-1. 


On the other hand, if you are working with a very low budget and your development system uses the teletype 
paper tape reader/punch as the storage medium for all programs, you could be faced with a very severe prob- 
lem; it could take as much as half an hour simply to load the Editor and Assembler into memory. This being the case, 
you will waste a very substantial amount of time and money watching the teletype paper tape reader monotonously 
load and punch paper tapes. Some microcomputer manufacturers get around this problem by combining an Editor 
and Assembler into one program. By breaking up your application into sufficiently small modules, you can generate a 
single memory load as follows; 
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Now you do not need to waste time reloading the Editor, and then the Assembler, every time you wish to make a cor- 
rection to your source program. 

Let us first describe how you go about developing programs which are too big to constitute 
a single memory load, as illustrated in step 2 of Figure 25-1. The solution is self-evi- 
dent: create the program in pieces. Implementation of this solution is not quite so 
straightforward. 

If the program is to be developed in pieces, then clearly the pieces will each occupy different areas of memory. On the 
other hand, one specific area of memory may be assigned to object programs by the Assembler. This is the situation 
which arises: 
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The necessary solution is to create object programs which are one step removed from being truly executable. In these 
"pseudo-object programs", every object program byte that encodes an absolute memory address will instead encode a 


beginning of the object program. This may be 
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This pseudo-object program will be loaded into memory by a system software program 
referred to as a "Relocatable Loader"; the Relocatable Loader acquires its name from the fact 
that it can relocate the pseudo-object program anywhere in memory, changing all the displace- 
ment addresses to reflect a new origin. 

An Assembler which is able to create pseudo-object programs as described above is called a 
Relocating Assembler. 
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If programs have been written in pieces and the pieces must be loaded into memory to form 
a unit, then it is quite possible that a memory reference instruction in one piece of program 
may reference a label in another piece of program: 
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A loader that can relocate program modules and, in addition, link memory references from 
one module to another is'called a "Linking Loader". 

A Linking Loader works in conjunction with an Assembler that generates linkable object 
program modules. 

A Relocating Assembler will replace every absolute address in the object program with a code | LABEL TABLE | 
which represents a label number. Then, at the end of the object program, the Assembler will 
generate a Label Table identifying every label number as representing a specific object program byte in a defined 
object program module. 

When the Linking Loader loads object program modules, it will identify the real memory address into which ev- 
ery object program byte which owns a label actually gets loaded. Now the Linking Loader can replace label num- 
bers in object programs with the actual memory address that happens to correspond to the label number. For example, 
the Jump instruction illustrated above may get encoded by the Assembler as three bytes which say; 

Jump to label number 4 in program module number 3. 

At the end of the object program, the Assembler will, in some coded fashion, identify label number 4 as corresponding 
to byte number 32Ai6 of program module 3. 

The Linking Loader will wait until program module number 3 has been loaded Into memory, at which time it can deter- 
mine the exact memory address for byte number 32Ai0 of program module 3. This memory address is equal to the 
origin of program module 3, plus 32Ai 5 . This becomes the address which the Linking Loader inserts into the Jump in- 
struction 

The only thing that is important to you, as a microcomputer programmer, is to realize that, given a Relocating 
Assembler and a Linking Loader, you can write programs in small modules and not have to worry about changing 
object code depending upon where each module resides in memory. 
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It is very important to ascertain whether a microcomputer development system offers Relocating Assemblers 
and Linking Loaders, because they will make the task of developing object programs much simpler. 

Once an object program has been created, it must be executed in order to check it for errors. | DEBUG | 
Another system software module, referred to as a Debug program, will always be required 
at this point. The Debug program allows you to conditionally execute your object code, stopping at will to examine the 
contents of memory or programmable registers, or to temporarily make changes to the object program as a means of 
determining what went wrong. 

While you are debugging your object programs, there are certain parts of your system which do not exist and 
whose presence must therefore be simulated. If you have a Simulating Microcomputer Development System, 
then the Simulator program only has to simulate interrupts, direct memory access, and external devices com- 
municating through I/O ports. 


If you have a simple microcomputer development system, then it must have a Simulator capable of representing 
the entire environment beyond your microcomputer. 


There is one further set of software modules which is extremely important in the world of 
minicomputers, but less important in the world of microcomputers; these are Utility and In- 
put/Output routines. 

There are a number of programming procedures which virtually every microcomputer application 
is going to encounter; these include routines to move data around memory, to transfer data bet- 
ween memory and external devices, or to perform arithmetic operations. In the world of minicom- 
puters, such programs are bundled up as a package so that a minicomputer programmer never has to write programs to 
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perform such basic operations. Instead, a minicomputer program will simply call subroutines out of a subroutine library 
in order to perform standard operations. 

Is the same idea feasible in the world of microcomputers? Unfortunately, not always. 

The concept of an I/O subroutine library is doubtful, since from one application to the next, you cannot even be sure 
that I/O will be implemented in the same way, let alone that external devices will be similar enough to allow any form of 
general purpose program to control input/output operations. Remember that we are no longer dealing with a CPU that 
interfaces with standard peripheral devices, such as disk, line printer, card reader, etc: we are dealing with a microcom- 
puter that is connected to various and sundry discrete logic systems. 

Even such routine operations as multibyte arithmetic frequently cannot be standardized. One microcomputer system 
may have a total of 512 bytes of memory; another may have 4096 bytes of memory. In each case, saving bytes will be 
extremely important. Any type of generalized program will be unacceptable if generality is bought at the price of extra 
memory bytes. An application that will never require more than 16 binary digit numbers cannot efficiently use a 
multibyte addition subroutine which has been written to handle multibyte numbers of indefinite length. The fact that 
someone else has already written that very general purpose multibyte addition program will not prevent you from 
rewriting your own addition program to serve your very limited needs — and nothing more. Your highly specialized ad- 
dition program may only require half as much memory and in a product that may be reproduced thousands of times. 

A microcomputer program written making liberal use of subroutines out of a library may well finish up using twice as 
much memory as a.program written to meet the immediate needs of a single application. Suppose writing your own 
program allows you to reduce program memory from 2K bytes to IK bytes of ROM. Realistically, your programming 
expenses may be increased $3,000 or $4,000 because you did not use an existing subroutine library (presuming 
that such a library exists). However, your product does not have to have a very iarge volume before the extra 
programming expense becomes trivial compared to the money spent on extra memory devices, larger PC cards, 
more power supply and higher assembly expenses. 

The very same argument determines whether you will write your source programs in assembly language or in a 
higher level language. A higher level language will result in object programs that are anywhere from 2 to 1.4 times as 
long as the object program would have been had the source program been written in assembly language. On the other 
hand, it will probably take twice as long to develop programs in assembly language as it would to develop the same 
programs in a higher level language. You may have to deduct from the time saved, time your programmers spend 
learning a new language. In any event, it is clear that for very low volume systems, programming in a higher level 
language has always got to be more economical. In high volume systems, programming in assembly language has al- 
ways got to be more economical and, depending upon individual circumstances, it becomes a tossup at some inter- 
mediate level. 

AN ECONOMIC EXAMPLE 

We will now give substance to the discussion of microcomputer development economics by looking at some 
hypothetical but realistic numbers. Table 25-1 lists possible numbers for three different microcomputers. If we 
assume that fixed costs consist of programming expense and product development expense only, while variable costs 
consist of CPU and support device costs only, then Table 25-2 shows how unit costs will vary as a function of product 
volume. 

Observe from Table 25-2 that at very low volume, higher language program development is less expensive. If you 
are building more than a thousand units, on the other hand, in almost every case it will be cheaper to use assem- 
bly language programming. 

Costs associated with products A, B and C have been purposely skewed to demonstrate the impact of fixed and varia- 
ble costs. Notice that product C, having lower fixed costs, generates the smallest unit price at low volume even though 
the cost of the microcomputer devices themselves is high. 

The problem with Table 25-2 is that it oversimplifies the factors which influence eventual unit price. You should look at 
Table 25-2 as an illustration of general price versus volume relationships and nothing more. 
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Table 25-1. Some Typical Microcomputer Based Product and Development Costs 



MICROCOMPUTER SELECTED 


SOURCE OF EXPENSE 

PRODUCT A 

PRODUCT B 

PRODUCT C 

Microcomputer CPU, plus support devices 
and logic ($/unit) 

63 

78 

91 

Cost of extra memory if programs are written 
in higher level language ($/unit) 

10 

8 

3 

Cost of writing programs ($ total): 
a) In assembly language 

8000 

7500 

6500 

b) In higher level language 

5500 

5000 

3000 

Cost of developing prototype ($ total) 

42000 

40000 

40000 


Table 25-2. Unit Prices For Microcomputer Based Products 



UNIT PRICE ($) 1 


PRODUCT A 

PRODUCT A 

PRODUCT B 

PRODUCT B 

PRODUCT C 

PRODUCT C 

VOLUME 

ASSEMBLY 

HIGHER 

ASSEMBLY 

HIGHER 

ASSEMBLY 

HIGHER 

100 

563,00 

548.00 

553.00 

536.00 

556.00 

524.00 

500 

163,00 

168.00 

173.00 

176.00 

184.00 

180.00 

1000 

113.00 

120.50 

125.30 

131.00 

137.50 

137.00 

5000 

73.00 

82.50 

87.50 

95.00 

100.30 

102.60 

10000 

68.00 

77.75 

82.75 

90,95 

95.65 

98.30 


Assembly = Assembly language programming. 
Higher = Higher level language programming 


A LOOK AT THE FUTURE 

Let us take a moment to gaze into a crystal ball. 

What types of microcomputer products can we expect to see in the future, and what impact will they have on 
the minicomputer market? 

If there ,3 one kov' oopoct of microcorriputor uesign whiCii waS not irrimOuiatoly apparoiit out is uecunnng mure 
apparent every day, it is that the way logic is distributed among various devices of a microcomputer chip set is 
fundamentally the most important feature of any microcomputer product. Assembly language instruction sets, ad- 
dressing modes and even instruction execution times are all of secondary importance in that they become inconse- 
quential providing they meet modest criteria of sufficiency. The logic designer psing microcomputers is likely to be far 
more influenced by control signals on the system bus and by the number of devices he has to work with, rather than by 
the complexity of the instruction set or its addressing modes. And this, we believe, is the key to a future drift into two 
types of microcomputer product: the logic device and the computer. 

If there will be a branch of the microcomputer industry which builds minicomputer look-alikes, what impact will this 
have on the microcomputer industry? In truth, most manufacturers of computers, mini or larger, are already scrambling 
to build their central processing units and support logic out of large scale integration devices; therefore, we may con- 
clude that within ten years every computer will be a microcomputer in that every computer will be built out of large 
scale integrated logic. This does not mean that the microcomputer manufacturers of today wilt overwhelm the 
minicomputer and large computer manufacturers of yesterday. This is because programming expenses constitute an 
already expended front end fixed cost for most users of minicomputers and larger computers; the hardware savings 
that might be gained by switching from a minicomputer to a microcomputer are simply insignificant when compared to 
reprogramming expenses. 

Therefore, those minicomputer manufacturers who can defend their current sales with existing software are likely to be 
impacted very little by microcomputers. Those minicomputer manufacturers who are essentially selling components 
are likely to be eliminated from the component market entirely, unless they are able to scale down their minicomputers 
into microcomputers and survive as component suppliers at the new microcomputer price levels. It is this reduction in 
prices thafopens a window for new products such as the National Semiconductor and Signetics microcomputers to at- 
tack markets that look characteristically like minicomputer markets. These are markets which were suited to minicom- 
puter-type products, but in the past could not use minicomputers because of pricing considerations. Now that 
minicomputerHike devices are available for a few hundred dollars, a large number of new markets open up, none of 
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which have used minicomputers before and none of which have invested in the front end program development fixed 
costs; the new markets are therefore equally likely candidates for the old minicomputer manufacturer's product or the 
new microcomputer manufacturer’s product. This pseudo-minicomputer buyer will be interested in buying a great deal 
of support in addition to hardware and will not be quite so influenced by small dollar differences going from one pro- 
duct to another. 

It is in the area of discrete logic replacement that we may expect to see the greatest volatility among microcomputer 
manufacturers. The microcomputer user in this market will usually be buying in huge volumes with very little front end 
programming expense; therefore, this user has a rriuch greater incentive to switch from one microcomputer to another, 
based solely on pricing considerations. This being the case, the logic device replacement market is the one which will 
be hardest for established microcomputer manufacturers to defend, and the most attractive to latecomers into the field. 

It is quite probable that a microcomputer manufacturer who has not established a market for mis on the system bus 
and by the number of devices he has to work with, rather than by the complexity of the instruction set or its addressing 
modes. And this we believe is the key to a future drift into two types of microcomputer product; the logic device and 
the computer. 

If there will be a branch of the microcomputer industry which builds minicomputer look-alikes, what impact will this 
have on the microcomputer industry? In truth, most manufacturers of computers, mini or larger, are already scrambling 
to build their central processing units and support logic out of large scale integration devices; therefore, we may con- 
clude that within ten years every computer will be a microcomputer in that every computer will be built out of large 
scale integrated logic. This does not mean that the microcomputer manufacturers of today will overwhelm the 
minicomputer and large computer manufacturers of yesterday. This is because programming expenses constitute an 
already expended front end fixed cost for most users of minicomputers and larger computers; the hardware savings 
that might be gained by switching from a minicomputer to a microcomputer are simply insignificant when compared to 
reprogramming expenses. 

Therefore, those minicomputer manufacturers who can defend their current sales with existing software are likely to be 
impacted very little by microcomputers. Those minicomputer manufacturers who are essentially selling components 
are likely to be eliminated from the component market entirely, unless they are able to scale down their minicomputers 
into microcomputers and survive as component suppliers at the new microcomputer price levels. It is this reduction in 
prices that opens a window for new products such as the National Semiconductor and Signetics microcomputers to at- 
tack markets that look characteristically like minicomputer markets. These are markets which were suited to minicom- 
puter-type products, but in the past could not use minicomputers because of pricing considerations. Now that- 
minicomputer-like devices are available for a few hundred dollars, a large number of new markets open up, none of 
which have used minicomputers before and none of which have invested in the front end program development fixed 
costs; the new markets are therefore equally likely candidates for the old minicomputer manufacturer's product or the 
new microcomputer manufacturer's product. This pseudo-minicomputer buyer will be interested in buying a great deal 
of support in addition to hardware and will not be quite so influenced by small dollar differences going from one pro- 
duct to another. 

It is in the area of discrete logic replacement that we may expect to see the greatest volatility among microcomputer 
manufacturers. The microcomputer user in this market will usually be buying in huge volumes with very little front end 
programming expense; therefore, this user has a much greater incentive to switch from one microcomputer to another, 
based solely on pricing considerations. This being the case, the logic device replacement market is the one which will 
be hardest for established microcomputer manufacturers to defend, and the most attractive to latecomers into the field. 

It is quite probable that a microcomputer manufacturer who has not established a market for minicomputer-like devices 
within the next two or three years will have no further opportunity to do so, however interesting the products he 
designs. No such window exists in the logic replacement market, where ten years from now a manufacturer who is able 
to sell microcomputer devices for lOc each, where the going rate has been 25(t each, will be able to establish himself. 

In conclusion, we predict that microcomputer devices will separate into minicomputer look-alike and logic 
device replacements. The minicomputer look-alike market will become increasingly harder to break into and 
will stabilize fairly quickly. The logic device replacement market will continue to spawn products that look 
nothing like minicomputers and will continue to be extremely volatile until prices have been driven so low that 
there is simply no room left for further economies. 

(We have not changed a word of this prediction from the first edition of December, 1975.) 
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Table 1-10. National Semiconductor COP400 Series Instruction Object Codes 


1 INSTRUCTION 

OBJECT CODE 

BYTES 


ADD 


31 

1 


ADT 


4A 

1 

it: 

AISC 

data4 

OlOldddd 

1 


ASC 


30 

1 


CAB 


50 

1 


CAMQ 


33 3C 

2 


CASC 


10 

1 

* 

CBA 


4E 

1 


CLRA 


00 

1 


COMP 


40 

1 


COMA 


33 2C 

2 

* 

HLTT 


33 39 

2 

* 

ING 


33 2A 

2 


INIL 


33 29 

2 

* 

ININ 


33 28 

2 

it: 

INL 


33 2E 

2 


JID 


FF 

1 


JMP 

addrIO 

OIIOOOpp 

2 




mm 



JP 

addrB 

1 Iqqqqqq 

1 


JP 

addrV 

Innnnnnn 

1 


JSR 

addrIO 

OIIOIOpp 

2 

it: 



mm 



JSRP 

addrB 

1 Oqqqqqq 

1 


LBI 

reg.digit 

33 

2 

it: 



1 0rrdddd 



LBI 

reg.digitp 

OOrreeee 

1 


LD 

reg 

OOrrOIOI 

1 


LDD 

reg.digit 

23 

2 




OOrrdddd 



1 ^ This instruction is not available on all COP400 models. I 


1 INSTRUCTION 

OBJECT CODE 

BYTES 


LEI 

data4 

33 

2 




OllOdddd 



LQID 


BF 

1 


NOP 


44 

1 


OBD 


33 3E 

2 


OGI 

data4 

33 

2 

H: 



OlOldddd 



OMG 


33 3A 

2 


RC 


32 

1 


RET 


48 

1 


RETSK 


49 

1 


RMB 

bit 

OlOObbbb 

1 


SC 


22 

1 


SKC 


20 

1 


SKE 


21 

1 


SKGBZ 

bit 

33 

2 




OOOccccI 



SKGZ 


33 21 

2 


SKMBZ 

bit 

OOOccccI 

1 


SKT 


41 

1 

* 

SMB 

bit 

OlOOaaaa 

1 


STII 

data4 

Ollldddd 

1 


X 

reg 

OOrrOIIO 

1 


XABR 


12 

1 

H: 

XAD 

reg.digit 

23 

2 




1 Orrdddd 



XAS 


4F 

1 


XDS 

reg 

OOrrO1 1 1 

1 


XIS 

reg 

OOrrOlOO 

1 


XOR 


02 

1 


1 This instruction is not available on all COP400 models. I 
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THE PPS4/1 


The PPS4/1 family of microcomputers was developed as the single-chip replacement for the Rockwell PPS4 
family. The PPS4/1 family has been used extensively in consumer products. Its sales, like those of the other established 
4-bit microcomputers, number in the millions. The PPS4/1 is very similar to the TMS1000. Both share similar ap- 
proaches to memory organization, both have a similar I/O structure, and both lack a true interrupt capability. The major 
differences between the two families are: 

1) Most models of the PPS4/1 family have a serial I/O capability. 

2) The PPS4/1 microcomputers are not microprogrammable, as is the TMS1 000. 

3) The PPS4/1 family has a special purpose member, the PPS4/1 MM76C, which handles high-speed 
counting. The TMS1000 has no counterpart to this processor. 

There are ten members of the PPS4/1 family. They are summarized in Table 1-11. 

Figure 1-19 illustrates those parts of our general microcomputer model implemented by the PPS4/1 microcomputer. 
This figure is deceptive, since it would appear that a PPS4/1 has a System Bus. This is not the case. The bus illustrated 
is purely internal. The only means available to a PPS4/1 for communication to the outside world is via its I/O pins. No 
provision for external RAM or ROM has been made. Furthermore, the operations provided are primitive compared to 
those in 8-bit microprocessors or their support devices. For example, the serial I/O logic of the PPS4/1 cannot be com- 
pared to that of the Intel 8251 USART, or even the 1602 UART. The serial I/O logic merely serializes a 4-bit nibble into a 
bit stream (and the inverse). No provision is made for synchronization or for detecting framing or overrun errors. Buffer- 
ing must be explicitly performed by the software. Nonetheless, the serial I/O interface is a very useful feature. 


Table 1-11. Summary of the PPS4/1 Family of Microcomputers 



MM75 

MM76 

MM76C 

MM76E 

MM76EL 

MM76L 

MM77 

MM77L 

MM78 

MM78L 

ROM (bytes) 

640 

640 

640 

1024 

1024 

640 

1344 

1536 

2048 

2048 

RAM (nibbles) 

48 

48 

48 

48 

48 

48 

96 

96 

128 

128 

Total I/O Lines 

22 

31 

39 

31 

31 

31 

31 

31 

31 

31 

Conditional 

Interrupt 

■ 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Input 

4 

8 

8 

8 

8 

8 

8 

8 

8 

8 

Bidirectional 

17 

18 

18 

18 

18 

18 

18 

18 

18 

18 

Serial 

- 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Package 
(Dual In-Line or 

Quad In-Line) 

28-pin 

dual 

42-pin 

quad 

52-pin 

quad 

42-pin 

quad 

40-pin 

dual 

40-pin 

dual 

42-pin 

quad 

40-pin 

dual 

42-pin 

quad 

40-pin 

dual 

Supply Voltage (V) 

-15 

-15 

-15 

-15 

-1 1 to 

-6.5 

-11 to 

-6.5 

-15 

-11 to 

-6.5 

-15 

-11 to 

-6.5 

Supply Current (mA) 

8 

8 

12 

3 

3 

3 

8 

3 

8 

3 


All devices of the PPS4/1 family are implemented using PMOS technology. 

A single -15 volt power supply is required for all members of the PPS4/1 family except the L series parts 
(MM76EL, MM76L, MM77L, and MM78L). The L series parts will work with a power supply in the range of 
-1 1 .0 to -6.5 volts with as little as 3 mA of current. This makes them quite suitable for battery powered applications. 

Most members of the PPS4/1 family operate at a maximum clock frequency of 80 kHz. which gives a 12.5 
microsecond cycle time. The L series parts can run at up to 100 kHz, yielding a 10 microsecond cycle time. Since 
all instructions execute in one or two clock cycles, the PPS4/1 has a slight speed advantage over the TMS1000, but is 
at a severe speed disadvantage to the COP series. 

The primary manufacturer of the PPS4/T series is: 

ROCKWELL INTERNATIONAL 
Microelectronic Device Division 
P.O. Box 3669 
Anaheim, CA 92803 
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Figure 1-19. Logic of the PPS4/1 Family of Microcomputers 
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PPS4/1 PROGRAMMABLE REGISTERS 

PPS4/1 programmable registers may be illustrated as follows: 



njjj 


4- bit Accumulator Data Counter 

6- or 7-bit B register 
(7-bit on MM77, MM77L, 

MM78, MM78L) 

5- bit Page register ) 1 1. bit Program 

( Counter 

6- bit Offset register 

1 1-bit SA register 

1 1 -bit SB register 
(MM77, MM77L, MM78, 

MM78L only) 

4-bit X register 

(MM77, MM77L, MM78, MM78L only) 


One or Two 
level subroutine 
stack 


4-bit S register 


The Accumulator acts as a primary Accumulator in a single-address machine architecture. It is the principal 
source and destination of every arithmetic and logical operation. 

The B register is the primary Data Counter. The only way to access locations in RAM is implied addressing via the B 
register. RAM cannot be directly addressed on the PPS4/1. The RAM memory is addressed as a contiguous block of 4- 
bit nibbles. The B register is often treated as two separate registers concatenated together, called B lower and B 
upper. B lower consists of the least significant four bits of the B register, while B upper consists of the most significant 
two or three bits of the B register. This division is necessary due to the 4-bit data paths within the PPS4/1. Many in- 
structions will operate on B lower differently than on B upper. For example, the INCB instruction increments B lower 
while exclusive-ORing B upper with ah immediate value. For this reason it is often convenient to view the RAM 
memory as a coiiection of 16-nibble pages. Many operations will show a wrap-around effect within a single 16-nib- 
ble page, since these operations modify B lower but not B upper. 

The X register is used as a scratch register and as a buffer register for certain I/O operations. The X register is pre- 
sent on the MM77, MM77L, MM78, and MM78L models of the PPS4/1 family. 

The S register is used by serial I/O logic. It holds parallel data that is being shifted in or shifted out. 

The P register is the Program Counter. It consists of two parts, a 5-bit Page register and a 6-bit Offset register. Pro- 
gram memory is separate from data memory and is read-only. Program memory is organized as 32 pages of 64 bytes 
each. Single-byte subroutine call instructions always transfer to the two highest pages of the program address space, 
i.e., pages 30 and 31 (addresses 78Oi0 - 7FFi0), The PPS4/1 uses circular shift logic rather than an adder to increment 
the Program Counter. This means that the instructions in a given page are not in sequential order. This is of no signifi- 
cance except to the assembler and other program development software. Table 1-12 lists the correspondence between 
execution sequence and physical addresses within a page. 

The SA register is a return address save register. It is used for saving the return address during a subroutine call. 
The MM77, MM77L. MM78, and MM78L all have an additional save register called the SB register. The SA and SB 
registers function as a two-level Stack. Hence the MM77, MM77L, MM78, and MM78L can have two levels of 
subroutine nesting rather than just one. 
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Table 1-12. PPS4/1 ROM Addressing Sequence 


Execution 

Sequence 

Address 


Execution 

Sequence 

Address | 

Binary Value 

Hex Value 

Binary Value 

Hex Value 

0 

000000 

00 



001001 

09 

1 

100000 

20 



300100 

24 


010000 

10 


34 

0 10010 

12 


001000 

08 


35 

101001 

29 


000100 

04 


36 

110 100 

34 


000010 

02 


37 

0 110 10 

1A 


100001 

21 


38 

101101 

2D 


1 1 0000 

30 


39 

110110 

36 

8 

0 1 1000 

18 


40 

1110 11 

3B 

9 

001 100 

OC 


41 

0 1110 1 

ID 

10 

000110 

06 


42 

101110 

2E 

1 1 

1 000 1 1 

23 


43 

110 111 

37 

12 

010001 

1 1 


44 

0 110 11 

IB 

13 

101000 

28 


45 

001 101 

OD 

14 

0 10 100 

14 


46 

100110 

26 

15 

001010 

OA 


47 

110011 

33 

16 

100101 

25 


48 

0 1 100 1 

19 

17 

110010 

32 


49 

101 100 

2C 

18 

111001 

39 


50 

0 10 110 

16 

19 

111100 

3C 


51 

101011 

2B 

20 

0 11110 

IE 


52 

0 10 10 1 

15 

21 

101111 

2F 


53 

101010 

2A 

22 

010111 

17 


54 

110 10 1 

35 

23 

00101 1 

OB 


55 

1110 10 

3A 

24 

000101 

05 


56 

11110 1 

3D 

25 

100010 

22 


57 

111110 

3E 

26 

1 1 000 1 

31 


58 

111111 

3F 

27 

111000 

38 


59 

0 11111 

IF 

28 

0 11100 

1C 


60 

001111 

OF 

29 

001110 

OE 


61 

000111 

07 

30 

100111 

27 


62 

00001 1 

03 

31 

0 10011 

13 


63 

000001 

01 


PPS4/1 MEMORY ADDRESSING 

The PPS4/1 contains separate and distinct program and data memories. Program memory is 
strictly read-only. Instructions cannot be executed out of data memory. Program memory can be 
addressed only by instruction execution. No means of storing constants in program memory 
has been provided other than as the operand of immediate instructions. The branch instructions 
provided allow program memory to be addressed in its entirety, in banks of 1 6 pages or as 64-byte pages. The top two 
pages of program memory are the primitive subroutine pages. These pages can be addressed from anywhere in the pro- 
gram address space by the TM instruction with only a 6-bit address. Frequently used subroutines should be located in 
these pages. 

Data memory is addressed via implied addressing. The B register is used as a data counter which addresses data 
memory. There are no other means of accessing data memory. 

PPS4/1 STATUS FLAGS 

The PPS4/1 has only one program-accessible status flag — the Carry. 

There is also an internal skip status bit; if this bit is set during an instruction execution, the follow- 
ing instruction will be skipped. 


PPS4/1 

STATUS 

FLAGS 


PPS4/1 

MEMORY 

ADDRESSING 
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PPS4/1 INPUT AND OUTPUT LOGIC 

All members of the PPS4/1 family have parallel I/O capability. All members of the PPS4/1 family except the MM75 also 
have a serial I/O capability. 


There are four types of parallel I/O available in the PPS4/1 series. They are: 

1) 4-bit parallel inputipdrts 

2) 4-bit bidirectional ports 

3) Discrete I/O lines 

4) Conditional interrupts 


PPS4/1 

PARALLEL 

I/O 


All members of the PPS4/1 family except the MM75 have two parallel input ports. The MM75 has only one 
parallel input port. These 4-bit ports are referred to as the P inputs. The two P ports are referred to as Channel 1 (pins 
PI - P4) and Channel 2 (pins P5 - P8). The signals entering Channel 2 are internally inverted before reaching the Ac- 
cumulator. The MM75 implements only Channel 1. 

All members of the PPS4/1 family have two bidirectional 4-blt ports, referred to as the R PPS4/1 

ports. On all PPS4/1 microprocessors pins R1 - R4 are called Channel A. On the MM75, MM76, DECODE 

MM76E, MM76EL, and MM76L pins R5 - R8 are called Channel B. On the MM75, MM76, MM76E, MATRIX 

MM76EL, and MM76L both the A and B channels' outputs can be obtained from, a 16x8 decode 
matrix. This matrix allows a 4-bit quantity in the Accumulator to generate an 8-bit output. This is very helpful for ap- 
plications using seven-segment displays The contents of the decode matrix are alterable as a mask option. The stan- 
dard chip comes with a BCD to seven-segment conversion table in the decode matrix. Loading the Accumulator with 
the digits 0 - Fi 5 allows Channels A and B to output the seven-segment codes for 0 - 9. A, -, P. D, E, and blank, respec- 
tively. The MM77, MM77L, MM78, and MM78L lack this decode matrix capability. On these processors R5 - R8 are 
referred to as Channel X. Channel X is routed through the X register on both input and output. Channel A functions 
normally except for the lack of the decode matrix on output. 

All members of the PPS4/1 family except the MM75 have a 10-bit discrete I/O port called the D port. The 
MM75 has a 9-bit D port. The lines comprising the D port can be read or written independently (i.e., individual bits of 
the port can be manipulated). This port is designed for use with asynchronous inputs. 

All members of the PPS4/1 family have two conditional interrupt lines. The MM75 has only PPS4/1 

one dedicated conditional interrupt input. However. R8 can be used as either an R input or an in- INTERRUPT 

terrupt line. The conditional interrupt lines INTO and INTI are very similar to the D port lines, ex- INPUTS 
cept that they can be tested by a single instruction. This feature allows the rapid testing of the 
conditional interrupt lines. Note that this is not a true interrupt capability. The microprocessor is not interrupted 
asynchronously. Instead, the program must test for the interrupt condition and take appropriate action. 

All members of the PPS4/1 family except the MM75 have a serial I/O facility. This facility is imple- PPS4/1 

mented via three I/O lines connected to the S register: a serial input line, a serial output line, and SERIAL I/O 

a bidirectional serial shift clock line. The serial output line is connected to the high-order bit of the ' ' ' 

S register. Data to be shifted out is first transferred from the Accumulator to the S register. When the S register is 
shifted, the new high-order bit appears on the serial output line, and the value of the serial input line is shifted into the 
low-order bit of S. Two types of serial I/O timing are allowed: internal and external. If operation with the internal shift 
clock is selected, then the shift operation begins after an lOS instruction and takes two cycles of the internal clock 
(CLK/^) for each bit or eight cycles for four bits. A data clock is output on the Shift Clock line. The timing can be illustr- 
ated as follows: 


Internal 

Clock 

(CLKa) 

Shift 

Clock 

Output 

Serial 

Data 

Output 
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If an externally supplied shift clock is provided, the S register is shifted left once for each CLK^ cycle that the shift clock 
is input high. This timing is shown below: 



PPS4/1 PINS AND SIGNALS 

Figures 1-20 through 1-23 illustrate the pins and signals for most members of the PPS4/1 family. Note that the 
majority of the signals are consistent across the entire PPS4/1 family. For this reason we will combine the discussions 
of pins and signals for all members of the PPS4/1 family. The MM76C and its pins and signals are described later in this 
section. 

Data inputs are provided by PI - P8. PI - P4 constitute the Channel 1 input port, while P5 - P8 constitute the Channel 2 
input port. 



R7 

R6 

R5 

INTO 

PO 

P4 

P3 

P2 

PI 

TEST 

Vdd 

Vc 

CLKa 

D8 


Pin Name 

Description 

Type 

D0-D8 

P1-P4 

R1-R8/INT1 

1NT0,R8/INT1 

PO 

Vc 

CLKa 

TEST 

vqd-Vss 

Discrete I/O Pins 
Input Port 

I/O Port 

Interrupt Request 
Power-on Reset 
Clock 

Clock 

Device Test 

Power, Ground 

Bidirectional, Open Drain 
Input 

Bidirectional, Open Drain 
Input 

Input 

Input 

Output 

Input 


Figure 1-20. PPS4/1 MM75 Pins and Signals 
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1 


42 

2 


41 

3 


40 

4 


39 

5 


38 

6 


37 

7 


36 

8 


35 

9 


34 

10 

PPS4/1 

33 

11 

MM76. 

32 

12 

MM76E 

31 

13 


30 

14 


29 

15 


28 

16 


27 

17 


26 

18 


25 

19 


24 

20 


23 

21 


22 


Pin Name 

Description 

Typo 


Discrete I/O Pins 

Bidirectional, Open Drain 

P1-P8 

Input Port 

Input 

R1-R8 

I/O Port 

Bidirectional, Open Drain 

SOI 

Serial Data Input 

Input 

SDO 

Serial Data Output 

Output 

SSC 

Serial Shift Clock 

Bidirectional, Open Drain 

INTO, INT1 

Interrupt Request 

Input 

PO ' 

Power-on Reset 

Input 

Vc, EXCLK. CLKIN 

Clock 

Input 

CLKa, CLKb 

Clock 

Output 

TEST 

Device Test 

Input 

VdD' Vss 

Power, Ground 



Figure 1-21. PPS4/1 MM76 and MM76E Pins and Signals 
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CLKb 

1 

Vc ► 

2 

XTLIN ► 

3 

XTLOUT O- 

4 

Vdd 

5 

P2 ► 

6 

TEST >> 

7 

P6 !► 

8 

PI !► 

9 PPS4/1 

P5 ► 

10 MM76L, 

P7 1>> 

11 MM76EL 

P3 

12 

P8 

13 

P4 

14 

PO 

15 

INTO ► 

16 

INTI 13 ^ 

17 

R5 — 1>> 

18 

R6 •<! — O 

19 

vss 

20 


Pin Name 

Description 

D0-D9 

Discrete I/O Pins 

P1-P8 

Input Port 

R1-R8 

I/O Port 

SDI 

Serial Data Input 

SDO 

Serial Data Output 

SSC 

Serial Shift Clock 

INTO, INTI 

Interrupt Request 

PO 

Power-on Reset 

Vc, XTLIN, 
XTLOUT 

Clock 

CLKa, CLKb 

Clock 

TEST 

Device Test 

Vdd- '/ss 

Power, Ground 


Figure 1-22. PPS4/1 MM76L and N 
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1 


42 

2 


41 

3 


40 

4 


39 

5 


38 

6 


37 

7 


36 

8 


35 

9 


34 

10 

PPS4/1 

33 

11 

MM77, 

32 

12 

MM78 

31 

13 


30 

14 


29 

15 


28 

16 


27 

17 


26 

18 


25 

19 


24 

20 


23 

21 


22 



1 Pin Name 

Description 

Type 


Discrete I/O Pins 

Bidirectional, Open Drain 

P1-P8 

Input Port 

Input 

R1-R8 

I/O Port 

Bidirectional, Open Drain 

SDI 

Serial Data input 

Input 

SDO 

Serial Data Output 

Output, Open Drain 

SSC 

Serial Shift Clock 

Bidirectional, Open Drain 

INTO, INTI 

Interrupt Request 

Input 

PO 

Power-on Reset 

Input 

Vq, CLKIN, 
EXCLK 

Clock Inputs 

Input 

CLKa, CLKb 

Clock Outputs 

Output 

TEST 

Device Test 

Input 

Vdd> Vss 

Power, Ground 



Figure 1-23. PPS4/1 MM77 and MM78 Pins and Signals 


The bidirectional I/O port is provided by pins R1 - R8. R1 - R4 implement the A port while R5 - R8 implement the 8 or X 
port, depending on the microcomputer. 

The discrete I/O lines are provided by DO - D9. 

Serial I/O logic is implemented via the SDO, SDI, and SSC pins. SDO is the Serial Data Output line, SDI is the Serial Data 
Input line, and SSC is the Serial Shift Clock line. 

CLKa, CLKg (except MM75), V^, and PO are common timing and reset pins present on all mem- PPS4/1 

bers of the PPS4/1 family. There are differences in the clock oscillator options for the low power L CLOCK 

series. The L series uses two pins, called XTLOUT and XTLIN. while the other members of the LOGIC 

PPS4/1 family use EXCLK and CLKIN. The standard PPS4/1 (except the MM75) can be connected I— — — 

for either an internal or an external clock. To use the internal clock, a resistor is connected between Vc and Vqq. A 56 
k n resistor will set the clock frequency to a nominal 80 kHz ±50%. If more precise timing is required, a precision exter- 
nal oscillator can be used. The external oscillator is connected to CLKIN, and the EXCLK pin is tied to Vqq. Frequencies 
within the range 40 kHz to 80 kHz are allowed. 
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The L series microcomputers have four timing options available: internal oscillator, external oscillator, crystal, and 
slave. The internal oscillator and external oscillator options are the same as the standard internal and external clock 
modes. The crystal mode allows connection of a crystal to drive the internal oscillator. Slave mode is used to synchron- 
ize two microcomputers. In this mode CLK^ and CLKb are employed as inputs which accept the CLK/^ and CLKb out- 
puts from another PPS4. The table below shows how an L series device is connected for the four clock options. 


Mode 

Vc 

XTLIN 

XTLOUT 

CLK/v, CLKq 

Frequency (kHz @ Vqq = -8 V) 

Internal 

Vdd 

Vss 

nc 

Outputs 

70-130 

External 

Clock 

Vss 

Clock Input 

nc 

Outputs 

400-800 

External 

Crystal 

Vss 

One side 
of crystal 

Other side 
of crystal 

Outputs 

= 800 

Slave 

Vdd 

Vdd 

nc 

Inputs 

50-100 


The PO input pin is the standard power-on reset input. The following circuit will generate a proper reset pulse; 



The standard power-on reset causes the microprocessor to start execution at location 3COi0. This location must con- 
tain either a NOP, a Reset Carry, or a Set Carry instruction. The following location may contain any valid PPS4/1 in- 
struction. 

The INTO and INTI inputs can cause conditional branching when tested by the INTOL, INTOH, INTI L, INTI H, DINO, and 
DINl instructions. 

The TEST input is normally connected to Vgs- ROM, RAM. and instruction logic can be tested by connecting TEST to 

Vdd- 

PPS4/1 MM76C HIGH-SPEED COUNTER OPTION 

The PPS4/1 MM76C is an enhanced version of the standard PPS4/1 MM76 that contains 1 6 bits of high-speed counter 
capability. Fourteen programmable modes of counter operation are available. The options available include: 

1) Single 16-bit counter 

2) Dual 8-bit counters 

3) Ouadrature input 

4) Event input 

5) Up or down counting 

6) Automatic preset of counters 

7) Shifting of counters 

Counter control is provided by assigning special meanings to five of the standard PPS4/1 MM76 I/O instructions when 
the microprocessor is executing in the special counter mode. The rich variety of counter configurations makes the 
PPS4/1 MM76C a very powerful tool in producing minimal hardware systems. Applications for the PPS4/1 MM76C in- 
clude motor control with direction sensing, frequency counting, digital-to-analog conversion, and frequency synthesis. 
Entire control systems can be implemented with only a PPS4/1 MM76C microcomputer. 
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Description of PPS4/1 MM76C Counter Subsystem 

In addition to the standard PPS4/1 MM76 hardware the PPS4/1 MM76C contains logic for the counters. This logic con- 
sists of the following functional blocks: 

1) Input circuitry 

2) Lower counter register (8 bits) 

3) Lower data register (8 bits) 

4) Lower carry 

5) Upper counter register (8 bits) 

6) Upper data register (8 bits) 

7) Upper carry 

8) Control register (4 bits) 

9) Control flip-flops (3 bits) 

Figure 1 -24 shows the relationship of each of these functional blocks to the architecture of the PPS4/1 MM76. The ad- 
ditions to the standard PPS4/1 MM76 are shaded. Eight additional pins are provided for counter control and status. 
Figure 1-25 shows the device's pins and signals and summarizes those signals not present on the PPS4/1 MM76. 

The 1 6-bit counter of the PPS4/1 MM76C is divided into two 8-bit counters called the Upper Counter and the Lower 
Counter. When the counter circuitry is configured as a single 16-bit counter the Upper Counter contains the most sig- 
nificant eight bits and the Lower Counter contains the least significant eight bits. Both counters can be preset using 
the C/DI serial input line. Data is clocked onto the C/DI serial input line by the serial shift clock SCC/D. The timing of 
this serial input operation is exactly the same as the standard PPS4/1 serial I/O explained above. By this arrangement, 
external logic can preset the counters. To preset the counters under program control by the PPS4/1 MM76C, simply 
wire the microprocessor as shown below: 



Since the PPS4/1 serial I/O logic handles only four bits at a time, two serial transmissions must be executed to load an 
8-bit counter. The first serial transmission loads the least significant four bits of the Lower Counter: the second loads 
the most significant four bits of the Lower Counter; the third loads the least significant four bits of the Upper Counter; 
and the fourth loads the most significant four bits of the Upper Counter. Note that the serial input line C/DI will also be 
used to load the Control register. Care should be taken to preset the counters only when the PPS4/1 MM76C expects to 
receive counter data on the C/DI line. Each counter has a carry bit that is set whenever the counter overflows or under- 
flows. The state of these carries is made available to external logic at the CA8 (Lower Counter) and CA16/D (Upper 
Counter) pins. Associated with each counter is an 8-bit buffer register; these are called the Upper Data register and the 
Lower Data register. Via the Data registers, the Counters may be read while counting is taking place. The Upper Data 
register has two special functions not implemented in the Lower Data register: shifting and presetting. Shifting of the 
Upper Data register can occur in only two of the 14 operational modes. Data can be shifted into the Upper Data register 
via the control/data serial input pin (C/DI) and out of the Upper Data register via the Upper Counter’s carry bit 
(CA16/D). Control of all shifting operations is governed by the control/data serial shift clock (SCC/D). The presetting 
function automatically transfers the contents of the Upper Data register to the Upper Counter register whenever the 
Upper Counter overflows. 

Two input modes are implemented: these are event input and quadrature input. Event input simply counts transitions 
on the input line. PCI is the event input for the Lower Counter and SYEV is the event input for the Upper Counter. Both 
the Upper and Lower Counters can count up or down. The control of up or down counting on the Lower Counter is set 
by PC2. When PC2 is high the Lower Counter will count up; when PC2 is low the Lower Counter counts down. The Up- 
per Counter can be set by the program to count either up or down. If the Upper Counter has been configured as the 
most significant eight bits of a 1 6-bit counter, its counting direction follows that of the Lower Counter. Event counting 
can take place at rates up to 2 MHz. 
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10 Discrete 
Inputs/Outputs 


(Up/Down) (Event/lnputl 


Serves es Counter 
input or Quadrature 
Inputs 


(lower {Control/ for Control/Oetal 
Carry Oats 
Out) Input) 



Figure 1-24. MM76C Counter Logic 
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2 


51 

3 


50 

4 


49 

5 


48 

6 


47 

7 


46 

8 


45 

9 


44 

10 


43 

11 


42 

12 


41 

13 

PPS4/1 

40 

14 

MM76C 

39 

15 


38 

16 


37 

17 


36 

18 


35 

19 


34 

20 


33 

21 


32 

22 


31 

23 


30 

24 


29 

25 


28 

26 


27 



ssc 

INTO, INTI 
PO 

XTLIN, XTLOUT 

CLKa- CLKb 

TEST 

PCI, PC2 

ENABL 

CA8 

CA16/D 

SYEV 

C/DI 

SCC/D 

XPWR 

Vdd- vss 


Description 


Discrete I/O Pins 
Input Port 
I/O Port 

Serial Data Input 
Serial Data Output 
Serial Shift Clock 
Interrupt Request 
Power-on Reset 
Clock 
Clock 

Device Test 
Input to Lower Counter 
Upper & Lower Counter Enable 
Lower Counter Carry Status 
Upper Counter Carry Status 
Input to Upper Counter 
Serial Control or Data Input 
Shift Clock for C/DI Input 
Clock Control 
Power, Ground 


Bidirectional, Open Drain 
Input 

Bidirectional, Open Drain 

Input 

Output 

Bidirectional, Open Drain 

Input 

Input 

Input 

Output 

Input 

Input 

Input 

Output 

Output 

Input 

Input 

Input 

Input 


Figure 1-25. PPS4/1 MM76C Pins and Signals 

Quadrature input mode measures the frequency and relative phase relationship of two input signals. It uses two signals 
90 degrees out of phase at PCI and PC2. Input signals of this type are commonly generated by standard incremental 
rotation sensors. (See Figure 1-26.) A count is generated any time a transition occurs at PCI or PC2. The counting 
direction is determined by the phase relationship between the two inputs. If the signal at PCI leads the signal at PC2, 
the counter counts up; if the signal at PCI lags the signal at PC2, the counter counts down. In systems such as the one 
outlined in Figure 1-26, a change of phase indicates a change of direction of rotation. The count recorded in the 
counter over a fixed period is proportional to the rotational velocity. 
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Figure 1-26. Generation of Quadrature Inputs 

In quadrature input mode a maximum input frequency of 500 kHz on each input is allowed. Quadrature input imposes 
a few timing constraints that must be maintained to ensure proper operation of the input logic. A count reversal must 
not occur sooner than 500 ns after the last count. This timing is illustrated below: 
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Another constraint exists when quadrature input is used with a 16-bit counter. When a carry is produced from the 
Lower Counter to the Upper Counter, a single phase reversal is handled as outlined above. However, any subsequent 
phase reversals must not occur for at least three cycles of the microprocessor’s CLKa- This timing may be illustrated as 
follows: 



The Control register and the Control flip-flops control the operation of the counter logic. One of the 14 possible modes 
of counter operation is selected by writing an appropriate bit pattern into the Control register. The Control flip-flops are 
set and reset by the special I/O instructions used in counter mode to control the state of the counter logic. 

Control register contents are interpreted as illustrated below: 


3 2 10 Bit No. 

Control register 


Upper Counter Preset Control 

0 = Software preset 

1 = Automatic or software preset 

Lower Counter Input Mode Control 

0 = Quadrature inputs 

1 = Event and up/down inputs 

1 6-bit Counter Configuration 
OOxx = Full 16-bit operation 
01 Ox = Upper Data register is shift register 

whose MSB shifts through Upper Carry 
to CA16/D 

01 lx = Upper Data Register is shift register 
with carry output disabled 

Counter Length Control 

0 = One 1 6-bit counter 

1 = Two 8-bit counters 


AAA 


Rather than adding new instructions to the MM76 instruction set to control the counter on the 
MM76C, a second meaning is given to a subset of MM76 instructions when the MM76C is 
operated in counter mode. On the MM76C the SEG1 instruction performs the combined func- 
tions of the standard SEG1 and SEG2 instructions. SEG2 does not perform its regular function; 
rather, it initiates the counter mode of operation. In the counter mode the instructions SEG2, 
lAM, IBM, II, and I2C are used to control the counter logic. You must use these instructions carefully since their func- 
tion depends on their sequence in the program. For example, II transfers the lower bits of the Lower Data register to 
the Accumulator if it precedes an I2C instruction, while it transfers the lower bits of the Upper Data register if it follows 
an I2C instruction. 


PPS4/1 

MM76C 

COUNTER 

INSTRUCTIONS 
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The PPS4/1 MM76C internal clock provides a slightly different set of operating nnodes than the 
rest of the PPS4/1 family. These operating modes are summarized below: 


PPS4/1 

MM76C 

CLOCK 

LOGIC 


Mode 

XPWR 

XTLIN 

XTLOUT 

CLKa 

CLKb 

Frequency (kHz) 

Internal 

Vss 

VdD 

No Connection 

Outputs 

75-125 

External 

Crystal 

VdD 

One side of 

3.57 MHz crystal 

Other side of 

3.57 MHz crystal 

Outputs 

89 

Slave 

Vss 

Vss 

No Connection 

Inputs 

Unspecified 


PPS4/1 SERIES MICROCOMPUTER INSTRUCTION EXECUTION 

Almost all PPS4/1 instructions execute in a single clock cycle. Notable exceptions are transfer, conditional transfer, and 
macro instructions. 

PPS4/1 SERIES MICROCOMPUTER INSTRUCTION SET 

There are variations in the instruction sets of the different microcomputers of the PPS4/1 series. However, the 
similarities outweigh the differences, so all the instruction sets are described in Table 1-13. Separate columns have 
been provided to show which instructions correspond to which microcomputer. 

The PPS4/1 instruction set is weak when compared to that of other microprocessors. However, the PPS4/1 series was 
designed as a low-cost digital logic replacement and functions more than adequately in this role. The economics of its 
use in a high-volume product make any programmer inconvenience irrelevant. The type of product for which the 
PPS4/1 is designed is produced in the tens of thousands. An extra week or two of programming effort is insignificant in 
such an application. 

THE BENCHMARK PROGRAM 

As stated in the TMS1 000 section of this chapter, a special benchmark more suited to the 4-bit microcomputers will be 
used. This benchmark consists of inputting a 1- to 16-nibble packet of data from an input port. 



LBL 

BUFFER 

GET BUFFER ADDRESS 


11 


INPUT BUFFER LENGTH 


LBA 


SAVE BUFFER LENGTH 

LOOP 

11 


INPUT DATA 


XDSK 

0 

STORE DATA 


T 

LOOP 

GET MORE DATA 


PPS4/1 INSTRUCTION MNEMONICS 

Table 1-13 summarizes the PPS4/1 instruction set. The MNEMONIC column shows the instruction mnemonic, 
and the operands, if any, are shown in the OPERAND column. Macro instructions (combinations of basic instruc- 
tions) are not included. 

The fixed part of an assembly language instruction is shown in UPPER CASE. The variable part (immediate data, 
label or address) is shown in lower case. 

PPS4/1 INSTRUCTION OBJECT CODES 

For instruction bytes without variations, object codes are represented as two hexadecimal digits (e.g., 40). 

For instruction bytes with variations in one of the two digits, the object code is shown as one 4-bit binary num- 
ber and one hexadecimal digit (e.g., 5 dddd). For other instruction bytes with variations, the object code is 
shown as eight binary digits (e.g., Ilaa aaaa). 

The object code, execution time, and instruction length in bytes is shown in Table 1-14 for each instruction. Ta- 
bles 1-15 and 1-16 list the object codes in numerical order. 
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PPS4/1 INSTRUCTION EXECUTION TIMES 

Tables 1-13 and 1-14 list the instruction execution times in clock periods. Real time can be obtained by dividing 
the given number of clock periods by the clock frequency. For example, for an instruction that requires one clock 
period, a 100 kHz clock will result in a 10 microsecond execution time. 

PPS4/1 ABBREVIATIONS 

These are the abbreviations used in this chapter: 


A 

aaaaaa 

AB 

addrO 

addr7 

addrIOx 

addrIOy 

addrIOz 

B 

bit2,bb 


C 

CR 

CR1 

CR2 

CRB 

D 

data2 

dataB 

data4 

data4x 

dd 

ddd 

dddd 

DM 

eeee 

ffff 

gg 

ggg 

hhhh 

[INTO] 

[INTI] 

LC 

LDR 

P 

PC 

PPPP 

R 

S 

SA 

SB 

UC 

UDR 

X 

XB 

XX 

xxxx 

[] 


The 4-bit Accumulator 

A 6-bit address used to specify an offset within a page (low-order address bits) 

The 4-bit Accumulator Buffer register 
A 6-bit address constant 
A 7-bit address constant 
A 10-bit address constant in the range 0-B7F-|5 
A 10-bit address constant in the range O-BFFis 
A 10-bit address constant in the range 4OOi0 - 77F-]0 
The 6-bit Data Counter (7 bits in MM77, MM78) 

A 2-bit immediate field used to specify a single bit in a 4-bit nibble as follows: 

OO2 - selects least significant bit 
01 2 - selects next to least significant bit 
IO2 - selects next to most significant bit 
1 1 2 - selects most significant bit 
Carry flag 

The 4-bit Control register (MM76C only) 

Control flip-flop 1 (MM76C only) 

Control flip-flop 2 (MM76C only) 

Control flip-flop B (MM76C only) 

The 10-bit discrete I/O port (9 bits on MM75) 

A 2-bit immediate field 

A B-bit immediate field 

A 4-bit immediate field 

A 4-bit non-zero immediate field 

Two bits of immediate data 

Three bits of immediate data 

Four bits of immediate data 

The 128-bit Decode Matrix (not on MM77, MM78) 

A 4-bit non-zero immediate field 

Least significant four bits of an immediate data field wider than four bits 

Most significant two bits of a 6-bit immediate value 

Most significant three bits of a 7-bit immediate value 

Four bits of non-zero immediate data 

The INTO flip-flop 

The INTI flip-flop 

The 8-bit Lower Counter register 

The 8-bit Lower Data register 

The 8-bit Input Port (4 bits on MM75) 

The 10-bit Program Counter (11 bits in MM77, MM78) 

A 4-bit page address (high-order address bits) 

The 8-bit Input/Output port 

The 4-bit Serial Input/Output register 

The 10-bit Subroutine Save register (11 bits in MM77, MM78) 

The 1 1-bit Subroutine Save register (MM77, MM78 only) 

The 8-bit Upper Counter register (MM76C only) 

The 8-bit Upper Data register (MM76C only) 

The 4-bit X register (MM77, MM78 only) 

The 4-bit X register buffer 
A 2-bit "don't care" 

A 4-bit "don't care." Values of OOOO2 and 0001 2 are not allowed. 

Contents of the location within brackets. If a register is enclosed by brackets, then the contents of that 
register 
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< > 


iff 


A 


+ 

X 


0 


Subfield specifier. Specifies a subset for a register or memory location. A single digit enclosed by angle 
brackets specifies only a single bit. Two numbers separated by a comma and enclosed by angle brackets 
specify a range of bits. The first number specifies the least significant bit position of the subfield, while 
the second digit specifies the most significant bit. All bits are numbered from least to most significant, 
with bit 0 being the least significant bit. For example: 

A<0> specifies the least significant bit of the Accumulator 
UC<4,7> specifies the most significant four bits of the Upper Counter register 
Data is transferred in the direction of the arrow 
Data is exchanged between two locations 
If and only if 

Test for equality between two values 

Logical AND 

Multiplication 

Addition 

Complement of x 
Exclusive OR 

New carry not valid until second cycle after instruction execution completes 
Value of Carry during previous cycle is used 

New B register contents may not be valid until second cycle following execution of this instruction 
lOS executes in one cycle. I/O register shifting continues for 8 more cycles. 
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Table 1-13. A Summary of the PPS4/1 Microcomputer Instruction Set 


MNEMONIC 

OPERAND(S) 

OBJECT CODE 


MM75 

MM76 

MM77 

MM78 

CYCLES 

lAM 


1A 


1 

IBM 


IB 


1 

lOA 



7B 

1 

11 


4A 


1 

I1SK 



60 

1 

lOS 


4D 

2D 

I*”* 

I2C 


4B 

78 

1 

IX 



72 

1 

OA 


18 


1 

OB 


19 


1 

OX 



73 

1 

ROS 


1 01 XX 

71 

1 


STATUS 


C {SKIP 


OPERATION PERFORMED 


[A] — [R] <0,3> A [A] 

Input least significant 4 bits of the R port, ANDed with A, to A. 

[A] — [R] <4,7 > A [A] 

Input most significant 4 bits of the R port, ANDed with A, to A. 

^^^new * t^^^old ^ tf^^old <0r3> 

lA^inew — [AJoitj 

fl^^new <0.3> “ lAB]p0yy 

Simultaneously input the least significant 4 bits of the R port, ANDed with the 
A buffer, to A while transferring the contents of A to the least significant 4 
bits of the R port via the A buffer. 

[A] — [P] <0,3> 

Input least significant 4 bits of the P port to A. 

[A] ^[P] <0,3 > -H [A] 

Input and add least significant 4 bits of the P port to A. Skip if no overflow. 
Serial 



Shift the Serial I/O register left 4 times. Shifting takes 8 cycles after lOS ex- 
ecutes. 

[A] — [P] <4,7 > 

Input the complement of the most significant 4 bits of the P port to A. 

[X] ^[XB] A [R] <4,7> 

Input most significant 4 bits of the R port, ANDed with the X register buffer, 
to the X register. 

[R] <0,3> — [A] 

Output Accumulator to least significant 4 bits of the R port. 

[R] <4,7 > —[A] 

Output Accumulator to most significant 4 bits of the R port. 

[XB] — [X] 

[R] <4,7> — [XB] 

Output X register to 4 most significant bits of the R port via the X buffer. 
ID] <[B) <0,3>> — 0 

Reset the discrete I/O pin selected by the least significant 4 bits of B when 
B.<4,5> = 112 (MM75, MM76) or B <6> = 0 (MM77, MM78). If 
B <0,3 > = IOIO2, reset INTI flip-flop. If B <0,3 > = 10112. ''eset INTO 
flip-flop. 
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imputer Instruction Set (Continued) 

OPERATION PERFORMED 

IR] <0,3> — [DM] < [A] .8, ([A] .8) +3 > 

Output the lower order 4 bits of the Decode Matrix entry selected by A to the 
least significant 4 bits of the R port. B must point to the complement of A. 
(Except MM76C). 

IR] — [DM] < [A] .8, ([A] -8) +7 > 

Output to the R port the 8 bits selected from the Decode Matrix by the con- 
tents of the Accumulator. The B register must point to a RAM location that 
holds the complement of A. A mask option allows the most significant bit of 
R to display the current state of C. (MM76C only) 

[R] <4,7 > — [DM] < ([A] .8) +4, ([A] .8) +7 > 

Output the higher order 4 bits of the Decode Matrix entry selected by A to the 
most significant 4 bits of the R port. B must point to the complement of A. 
Also, a mask option allows R < 7 > to be set to the current state of C. (Except 
MM76C) 

[D < [B] <0,3>> — 1 

Set the discrete I/O pin selected by the least significant 4 bits of B when 
B<4,5> = 112 (MM75, MM76) or B<6>=0 (MM77, MM78). If 
B <0,3 > = 101 02, reset INTI flip-flop. If B <0,3 > = 10112, •'eset INTO 
flip-flop. 

[A] — [R] <0,3 > A [A] 

[UC] *— [LC] *—0 iff modes 1-5 (16-bit counter modes) 

[UC] — 0 iff modes 6-14 A [CR2] = 1 (8-bit counter modes) 

[LC] «— 0 iff modes 6-14 A [CR1] = 1 (8-bit counter modes) 

Input least significant 4 bits of R port, ANDed with A, to A. Clear both coun- 
ters if configured as a single 1 6-bit counter. If configured as two 8-bit coun- 
ters clear Lower Counter register if CR 1 flip-flop set, and clear Upper Counter 
register if CR2 set. 

[A] — [R] <4,7> A [A] 

[UC] — [UDR] 

Input most significant 4 bits of R port, ANDed with A, to A. Load Upper 
Counter register from Upper Data register. 

[A] — [LDR] <0,3> iff [CR1] = 1 A [CR2] = 0 
(A) — [UDR] <0,3> iff [CR1] = 0 A [CR2] = 1 
If no I2C instruction has been executed, then load A with the least significant 
4 bits of the Lower Data register. If an I2C instruction has been executed, then 
load A with the least significant 4 bits of the Upper Data register. 
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Table 1-13. A Summaty of the PPS4/1 Microcomputer Instruction Set (Continued) 





OBJECT CODE 

CLOCK 

CYCLES 

STATUS 


TYPE 

MNEMONIC 

OPERAND(S) 

MM75 

MM77 

c 

SKIP 

OPERATION PERFORMED 




MM76 

MM78 




I2C 


4B 


1 



(A] — [LDRI <4,7 > iff [CR1 ] = 1 A [CR2] = 0 

or 

[A] — [UDR] <4,7> iff [CR1] = 1 A [CR2] = 0 
[CR11— 0 
[CR2] *- [CR2] 

[CR3] — 0 









The first I2C instruction will load A with the most significant 4 bits of the 
Lower Data register. The second I2C will load A with the most significant 4 

V 








bits of the Upper Data register and exit counter mode. 

3 

SEG2 


OF 


1 



Enables counter logic iff [CR1] = 0 

C 








ILDR] — [LCl iff [CR1] =0 

O 

o 








(UDRl — [UC] iff [CR1I = 0 

o 








Gate serial data input to UDR iff [CR1] = 0 









Gate serial data input to CR iff [CR1] AO 

OC 

tu 








UC configured to count up iff [CR1] AO 

2 








Disable UC enable input iff [CR1] AO 

3 

O 








Disable UC preset iff [CR1] AO 

U 








LC configured to quadrature mode iff [CR1] AO 

(D 








[CR31^1 iff [CR1] = 0 

h* 

s 








ICR1] ^ 1 

s 








First SEG2 executed enables counter logic, loads the Upper and Lower Data 
registers from their respective counters, gates the serial control/data input to 
the Upper Data register, and sets the CR1 flip-flop. The second and all subse- 
quent SEG2s executed (until counter mode terminates) cause the Upper 
Counter register to be configured as an up counter, the Lower Counter register 
to be configured for quadrature inputs, the serial control/data input to be 
gated to the Control register, the Upper Counter register enable input and 
preset control to be disabled, and the CR1 and CR3 flip-flops to be set 
(MM76C only). 


L 

data2 

5 OOdd 

5 OOdd 

1 

■ 

n 

[Al - [[B]]; 







■ 


(Bl <4,5> *- [Bl <4,5> -F data2 

i 






■ 


Load the Accumulator from the RAM location addressed by B. Exclusive-OR 

2 U 

U* Z 






■ 


bits 4,5 of B with data2. 

S u 
. tc 

X 

data2 

5 lOdd 

5 lidd 

1 

■ 


[A] [[B]]; 

> Ul 

OC u. 






■ 


(BJ <4,5 > — [B] <4,5 > + data2. 

** s 






■ 


Exchange the Accumulator with the RAM location addressed by B. Exclusive- 

£ 

Q. 






1 

■ 

OR bits 4,5 of B with data2 
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Table 1-13. A Summary of the PPS4/1 Microcomputer Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

OBJECT CODE 

CLOCK 

CYCLES 

STATUS 

OPERATION PERFORMED 

MM75 

MM76 

MM77 

MM78 

C 

SKIP 


XDSK 

data2 

5 1 1dd 

5 lOdd 

I*" 


X 

[A] [[B]]; 









[B] <0,3 > — [B] <0,3 > - 1 









IB] <4,5 > — [B] <4,5 > ©data2 

O *5 

5 5 








Exchange the Accumulator with the RAM location addressed by B. Ex- 

sa 








clusive-OR bits 4,5 of B with data2. Decrement least significant 4 bits of B. 

> s 








Skip if least significant 4 bits of B equal 11112- 

z 

XNSK 

data2 

5 Oidd 

5 Oidd 



X 

[A] IIB]]; [B] <0,3 > -1 

2 111 

2 CC 








IB] <0,3> — [B] <4,5> — [B] <4,5> ©data2 









Exchange the Accumulator with the RAM location addressed by B. Exclusive- 

c 








OR bits 4,5 of B with data2. Increment least significant 4 bits of B. Skip if 









least significant 4 bits of B equal 00002- 

lU 

A 


42 

7E 

1 



[A] - [A] + [[B]] 

z 








Add contents of RAM location addressed by B to Accumulator. 

OC 

AC 


40 

7C 

1* 

X 


[A] - [A] + [[B]] -1- C 

u. 








Add contents of RAM location addressed by B with Carry to Accumulator. 

CC 








Carry not valid for one additional cycle. 

>- 

OC 

ACSK 


41 

7D 

r 

X 

X 

[A] - [A] + [[B]] -1- C 

o 

5 








Add contents of RAM location addressed by B with Carry to Accumulator. 

UJ 








Skip if no carry (overflow). Carry not valid for one additional cycle. 

s 

ASK 


43 


1 


X 

[A] - [A] + [[B]] 

OC 








Add contents of RAM location addressed by B to Accumulator. 

< 

O 

RB 

bit2 

1 01 bb 

2 01 bb 

1 



[[B]] <bit2> — 0 

z 

o 








Reset bit bit2 of the RAM location addressed by B. 

o 

UJ 

SB 

bit2 

1 OObb 

2 OObb 

1 



[[B]] <bit2> — 1 

v> 








Set bit bit2 of the RAM location addressed by B. 


AISK 

data4x 

6 eeee 

6 eeee 

1 


X 

lA] — [A] +data4 

UJ 








Add immediate to Accumulator. Skip if no overflow. 

< 

DC 


66,00 

66,00 

2 


X 

Same as AISK 6. Must always be followed by NOP as shown. 

OC 

UJ 

EOB 

data2 

1 lidd 


1 


X 

IB] <4,5 > [B] <4,5 > ©data2 

o 








Exclusive-OR data2 with most significant 2 bits of B. Skip until next non-LB, 

UJ 

1- 








-EOB or -LBL instruction. 

< 

EOB 

data3 


0 Iddd 

1 

■ 

B 

(B1 <4,6> — [B]<4,6> ©data3 

UJ 






■ 

B 

Exclusive-OR data3 with most significant 3 bits of B. Skip until next non-LB, 

s 






■ 

B 

-EOB or -LBL instruction. 


LAI 

data4 

7 dddd 

4 dddd 

1 

■ 

B 

(A] — data4 







1 

H 

Load Accumulator immediate. Skip until first non-LAI instruction. 
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TYPE 

MNEMONIC 

OPERAND(S) 

OBJECT CODE 

CLOCK 

CYCLES 

STATUS 

OPERATION PERFORMED 

MM75 

MM76 

MM77 

MM78 


SKIP 

IMMEDIATE OPERATE 
(Continued) 

LB 

data4 

2 dddd 

1 dddd 

1 

1 


(B]<0,3>— data4 . 

IB1<4,5>— 0 

Clear bits 4,5 of B and load least significant 4 bits with data4. Execute any 

EOB instruction that immediately follows. Skip until next non-LB,-EOB, or 
-LBL instruction. 


T 

addrB 

1 1aa aaaa 


2 

■ 

■ 

[PC] <0,5 > — addrB 







H 


[PC] <B,9> — IIIO 2 iff PC is 380ie -3FFie 







H 


On-page transfer if executing from pages 0-13. If executing on pages 14-15, 







H 


always jump to page 14. 


T 

addrG 


1 1aa aaaa 

2 

H 


[PC] <0,5 > —addrG 







H 


[PC] <B,10> — 111 IO 2 if PC is 780ie - 7FFi0 

Q. 






H 


On-page transfer if executing on pages 0-29. If executing on pages 30-31, 

s 






H 


always jump to page 30. 

n 

TL 

addrIOx 

3 pppp 


3 

H 


[PC]— addrIOx 




1 1 aa aaaa 



H 


Transfer to an address on pages 0-13. 


TL 

addrIOy 


3 pppp 

3 

H 


[PC]— addrIOy 





1 laa aaaa 


H 


Transfer to an address on pages 0-15. 


TLB 

addrtOz 


3 pppp 


H 


[PC]— addrIOz 





3 xxxx 


H 


Transfer to an address on pages 1G-29. 





1 1aa aaaa 



■ 


Z 

RT 


02 

2F 

2 

■ 

■ 

[PC]-[SA] 

oc 






H 


[SA] — [SB] (MM77, MM78 only) 







H 


Return from subroutine. 

e 

RTSK 


03 

2E 

2 

H 


[PC]-[SA] ' 

Q 

Z 






H 

H 

[SA] — [SB] (MM77, MM78 only) 

< 






H 


Return from subroutine and skip next instruction. 


TM 

addrS 

lOaa aaaa 


2 

H 

H 

[SA] — [PC] + 1 iff executing from 0 - 37Fi6 

u 








[PC] <0,5 > — addrG 

UJ 

Z 






H 


[PC] <B,9> — IIII 2 

1- 






H 


Subroutine call to primitive subroutine page (page 1 5) if executing on pages 

o 








0-13. Jump to primitive subroutine page if executing on pages 14-15. 

flC 

CD 

TM 

addrB 


1 0aa aaaa 

2 



[SB] — [SA] iff executing from O-77Fi0 

3 

W 






■ 

■ 

[SA] — [PC] - 1 - 1 iff executing from O-77F'|0 
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Table 1-13. A Summary of the PPS4/1 Microcomputer Instruction Set (Continued) 





OBJECT CODE 

CLOCK 

CYCLES 

STATUS 


TYPE 

MNEMONIC 

OPERAND(S) 

MM75 

MM76 

MM77 

MM78 


SKIP 

OPERATION PERFORMED 







■ 

■ 

[PC] <0,5 > — addH 

Z ' 
cc 






H 


[PC] <6,10> 11 1112 

H 






H 


Subroutine call to primitive subroutine page (page 31) if executing on pages 

U1 

cc 






H 


0-29. Jump to primitive subroutine page if executing on pages 30-31. 

Q ^ 

TML 

addrIOx 

3 pppp 


3 

H 


[SA] ^ [PC] + 1 

2 "g 

< § 



lOaa aaaa 



H 


[PC] —addrlOx 

u C 






H 


Subroutine call to pages 0-13. 

< g 

TML 

addrIOy 


3 pppp 

3 

H 


[SB] - [SA] 

^ O 

iij w. 




lOaa aaaa 


H 


[SA] — [PC] + 1 

z 






H 


[PC] — addrIOy 

3 






H 


Subroutine call to pages 0-15. 

CC 

TMLB 

addrIOz 


30 

4 

H 


[SB] — [SA] 

CD 

D - 




3 pppp 


H 


[SA] — [PC] + 1 

CO 




lOaa aaaa 


H 


[PC] — addrIOz 







1 

■ 

Subroutine call to pages 16-29. 


DINO 


07 


1 


X 

[INTO] — 1 









Skip next instruction if INTO = 0. Set INTO = 1. 


DIN1 


06 


1 


X 

[INTI] — 1 

Skip next instruction if INTI = 0. Set INTI = 1. 


INTOH 



03 

1 


X 

Skip next instruction if INTO = 1 . 


INTOL 


04 


1 


X 

Skip next instruction if INTO = 0. 

z 

o 

INT1H 


05 


1 


X 

Skip next instruction if INTI = 1. 

»- 

INT1L 



04 

1 


X 

Skip next instruction if INTI = 0. 

o 

z 

SKBF 

bit2 

0 lObb 

2 lObb 

1 


X 

Skip if bit of RAM location addressed by B and selected by bit2 is 0. 

o 

SKISL 


0 lOxx 


1 


X 

Skip if discrete input selected by least significant 4 bits of B is 0. 

z 








B <4,5> must be 1 1 2 - 

o 

SKISL 



01 

1 


X 

Skip if discrete input selected by least significant 4 bits of B is 0. B <6> must 

z 

o 








be 0. 

z 

< 








B <0,3> = IOIO 2 selects INTI flip-flop. 

cc 

ffl 

SKMEA 


47 

7F 

1 


X 

B <0.3 > = 1011 2 selects INTO flip-flop. 

Skip if A equals contents of RAM location addressed by B. 


SKNC 


01 

02 

1” 


X 

Skip if Carry = 0. 


TAB 



2C 

3+IAl 


1 

Table lookup based on contents of A. Executes the next instruction, which must 
be a NOP, TM, T, RT, RTSK, SC, RC, SB, RB, SOS, ROS, OX, IX, or TL. Then 
skips the next [A] + 1 instructions. 

[A] — IIII 2 
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Table 1-13. A Summary of the PPS4/1 Microcomputer Instruction Set (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

OBJECT CODE 

CLOCK 

CYCLES 

STATUS 

OPERATION PERFORMED 

MM75 

MM76 

MM77 

MM78 


SKIP 

CC UJ 

COM 


45 

77 

1 

■ 

■ 

[A] - [A] 

w H 






■ 

■ 

Complement Accumulator. 

5 UJ 

DC 


66,00 

66,00 

2 

■ 


[A] — [A] + 6 

UJ a 

K O 






1 

II 

Decimal correct Accumulator by adding 6. 


LBA 


44 

76 


■ 

■ 

[BI<0,3>— [A] 







H 


Load least significant 4 bits of B from A. 

Ul 

LSA 


4C 


1 

H 


[S] - [A] 

> 

O 






H 


Load S register from A. 

s 

LXA 



75 

1 

H 


[X] - [A] 

CC 

Ul 






H 


Load X register from A. 

K 

CO 

SAG 



0? 

1 

H 


IB] <4,6 > 01 ^2 (for next instruction only) 

a 






H 


Causes B to address row- 3 for the next instruction only. The contents of B are 

CC 






H 


not modified. 

CC 

UJ 

XAB 


46 

7A 

r** 

H 


IB] lA] 

H 

co 






H 


Exchange B with A. 

o 

XAS 


4E 

74 

1 

H 


IS] lA] 

CC 






H 


Exchange S with A. 


XAX 



79 

1 

H 


IX]--IA] 








H 

Exchange X with A. 

(0 

RC 


OD 

05 


H 

■ 

(C]-0 

3 








Reset Carry. 

< 

SC 


OC 

06 


1 


IC]-1 

(0 





IB 

■ 

■ 

Set Carry. 


NOP 


00 

00 

1 



No operation. 
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Table 1-14. PPS4/1 Instruction Mnemonics 


MNEMONIC 

MM75, MM76 
OBJECT CODE 

MM77, MM78 
OBJECT CODE 

BYTES 

CLOCK 

MNEMONIC 

MM75, MM76 
OBJECT CODE 

MM77. MM78 
OBJECT CODE 

BYTES 

CLOCK 

A 

42 

7E 

1 

1 

ROS 

1 01 XX 

71 

1 

1 

AC 

40 

7C 

1 

r 

RT 

02 

2F 

1 

1 

ACSK 

41 

7D 

1 

r 

RTSK 

03 

2E 

1 

2 

AISK data4x 

6 eeee 

6 eeee 

1 

1 

SAG 


07 

1 

1 

ASK 

43 




SB bit2 

1 OObb 

2 OObb 

1 

1 

COM 

45 

77 

1 

1 

SC 

OC 

06 

1 

1 






SEG1 

OE 


1 

1 

DC 

66,00 

66,00 


2 











SEG2 

OF 


1 

1 

DINO 

07 



1 











SKBF bit2 

0 lObb 

2 lObb 

1 

1 

DIN1 

06 


1 

1 











SKISL 

0 lOxx 

01 

1 

1 

EOB data2 

1 lidd 


1 

1 

SKMEA 

47 

7F 

1 

1 

EOB data3 


0 Iddd 

1 

1 

SKNC 

01 

02 

1 

1” 

lAM 

1A 


1 

1 

SOS 

1 OOxx 

70 

1 

1 

IBM 

IB 


1 

1 

T addr6 

1 laa aaaa 

1 laa aaaa 

1 

2 

INTOL 

04 


1 

1 

TAB 


2C 

1 

3 + [A] 

INTOH 


03 

1 

1 

TL addrIOx 

3 pppp 



3 

INT1L 


04 

1 

1 


1 laa aaaa 




INT1H 

05 


1 

1 

TL addrl Oy 


3 pppp 


3 

lOA 


7B 

1 

1 



1 laa aaaa 



lOS 

4D 

2D 

1 

r*” 

TLB addrl Oz 


3 pppp 


4 

IX 


72 

1 

1 



3 xxxx 



11 

4A 


1 

1 



1 laa aaaa 



MSK 


60 

1 

1 

TM addr6 

lOaa aaaa 

lOaa aaaa 


2 

I2C 

4B 

78 

1 

1 

TML addrl Ox 

3 pppp 



3 

L data2 

5 OOdd 

5 OOdd 

1 

1 


lOaa aaaa 


HjH 


LAI data4 

7 dddd 

4 dddd 

1 

1 

TML addrl Oy 


3 pppp 


3 

LB data4 

2 dddd 

1 dddd 

1 

1 



lOaa aaaa 



LBA 

44 

76 

1 

r** 

TMLB addrl Oz 


30 


4 

LSA 

4C 


1 

1 



3 pppp 



LXA 


75 

1 

1 



lOaa aaaa 

■ 


NOP 

00 

00 

1 

1 

X data2 

5 lOdd 

5 1 1dd 

1 

1 






XAB 

46 

7A 

1 

1"* 

OA 

18 


■■ 

1 

XAS 

4E 

74 

1 

1 

OB 

19 


n 

1 

XAX 


79 

1 

1 

OX 


73 

■■ 

1 

XDSK data2 

5 lidd 

5 lOdd 

1 

r*’ 

RB bit2 

1 01 bb 

2 01 bb 

1 

1 

XNSK data2 

5 Oidd 

5 Oidd 

1 

1 "* 

RC 

OD 

05 

1 

1 
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Table 1-15. PPS4/1 MM75, MM76 Instruction Object Codes 


OBJECT CODE 

MNEMONIC 

OBJECT CODE 

MNEMONIC 

00 

NOP 

42 

A 

01 

SKNC 

43 

ASK 

02 

RT 

44 

LBA 

03 

RTSK 

45 

COM 

04 

INTOL 

46 

XAB 

05 

INT1H 

47 

SKMEA 

06 

0IN1 

48, 49 

not used 

07 

DINO 

4A 

11 

08 -OB 

SKISL or 

4B 

I2C 


SKBF 0-SKBF 3 

4C 

LSA 

OC 

SC 

4D 

lOS 

OD 

RC 

4E 

XAS 

OE 

SEG1 

4F 

not used 

OF 

SEG2 





50-53 

L 0 -L 3 

10- 13 

SOS or 

54-57 

XNSK 0 - XNSK 3 


SB 0- SB 3 

58 - 5B 

X 0 -X 3 

14-17 

ROS or 

5C-5F 

XDSK 0 - XDSK 3 


RB 0-RB 3 





60-6F 

AISK 0 - AISK F 

18 

OA 

66,00 

DC,NOP 

19 

OB 

70-7F 

LAI 0 - LAI F 

1A 

lAM 



IB 

IBM 

80-8F 

TM 3F - TM 30 



90-9F 

TM 2F - TM 20 

1C- IF 

EOB 0 - EOB 3 

AO- AF 

TM'iF-TM 10 

20-2F 

LB 0 - LB F 

BO-BF 

TM OF - TM 00 

3 pppp lOaaaaaa 

TML pp ppaa aaaa 

CO-CF 

T3F-T30 

3 pppp llaaaaaa 

TL pp ppaa aaaa 

DO-DF 

T 2F-T 20 

40 

AC 

EO - EF 

T 1F-T 10 

41 

ACSK 

FO - FF 

T OF - T 00 
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Table 1-16. PPS4/1 MM77, MM78 Instruction Object Codes 


OBJECT CODE 


MNEMONIC 


JECT CODE 

MNEMONIC 

61 -6F 

AISK 1 - AISK F 

66,00 

DC 

70 

SOS 

71 

ROS 

72 

IX 

73 

OX 

74 

XAS 

75 

LXA 

76 

LBA 

77 

COM 

78 

I2C 

79 

XAX 

7A 

XAB 

78 

lOA 

7C 

AC 

7D 

ACSK 

7E 

A 

7F 

SKMEA 

80 - 8F 

TM 3F - TM 30 

90 - 9F 

TM 2F-TM 20 

AO-AF 

TM IF - TM 10 

80 -BF 

TM OF - TM 00 

CO-CF 

T 3F-T 30 

DO-DF 

T 2F-T 20 

EO-EF 

T 1F-T 10 

FO-FF 

T OF - T 00 


00 

01 

02 

03 

04 

05 

06 
07 

08 - OF 
10 - IF 
20-23 
24-27 

28 - 28 
2C 
2D 
2E 
2F 

30, 3 pppp, lOaa aaaa 
30, 3 pppp, 1 laa aaaa 
3 pppp, lOaa aaaa 
3 pppp. 1 laa aaaa 

40-4F 

50-53 

54-57 

58-58 

5C-5F 

60 


NOP 

SKISL 

SKNC 

INTOH 

INT1L 

RC 

SC 

SAG 

E08 0 - E08 7 
L8 0 - L8 F 
S8 0-S8 3 
R8 0 - R8 3 

SK8F 0 - SK8F 3 
TA8 
lOS 
RTSK 
RT 

TML6 01 pp ppaa aaaa 
TL6 01 pp ppaa aaaa 
TML OOpp ppaa aaaa 
TL OOpp ppaa aaaa 

LAI 0 - LAI F 
L 0-L 3 

XNSK 0 - XNSK 3 

XDSK 0-XDSK 3 

X 0-X 3 
I1SK 


1-77 
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DATA SHEETS 


This section contains specific electrical and timing data for the following devices: 

• TMS1000 series microcomputer 

• COP420/421 microcomputers 

• COP402/COP402M ROMIess microcomputers 

• PPS4/1 Series Microcomputers 


1-D1 
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TMS 1000/1200 AND TMS 1100/1300 


ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 

Voltage applied to any device terminal (see Note 1 ) . —20 V 

Supply voltage, Vqd —20 V to 0.3 V 

Data input voltage — 20 V to 0.3 V 

Clock input voltage —20 V to 0.3 V 

Average output current (see Note 2): 0 outputs —24 mA 

R outputs —14 mA 

Peak output current: 0 outputs —48 mA 

R outputs . —28 mA 

Continuous power dissipation: TMS 1000/1100 NL 400 mW 

TMS 1200/1300 NL 600 mW 

Operating free-air temperature range 0 C to 70 C 

Storage temperature range —55 Cto 150 C 

•Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the- device. This is a stress rating only 
and functional operation of the device at these or any other conditions beyond those indicated in the "Recornmended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-ratod conditions for extended periods may affect 
device reliability. 

RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Supply voltage, Vqq (see Note 3) 


High-level input voltage, V|h (see Note 4) 


Low-level input voltage, V|i_ (see Note 4) 


Clock cycle time,tc(A) 


Instruction cycle time, t 


Puise width, ciock high, tyj,UH) 


Pulse width, clock low, 


Sum of rise time and pulse width, clock high, t^ + 


Sum of fali time and pulse width, clock low, tf -f ty^UL 


Oscillator frequency, fgsc 


Operating free-air temperature, T/\ 



400 kHz 


70 


NOTES: 1. Unless otherwise noted, all voltages are with respect to Vss- 

2. These average values apply for any 100-ms period. 

3. Ripple must not exceed 0.2 volts peak-to-peak in the operating frequency range. 

4. The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this specification 
for logic voltage levels only. 




— H k-’ 


I I 

-H h-*r 

»w( 


r V|H(0) 



NOTE: Timing points are 90% (high) and 10% (low). 


EXTERNALLY DRIVEN CLOCK INPUT WAVEFORM 


Data sheets on pages 1-D2 through 1-D7 are reproduced by permission of Texas Instruments Incorporated. 


1-D2 
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PPS4/1 MM75 


SPECIFICATIONS 

OPERATING CHARACTERISTICS 

Supply Voltage: 

VDD = 15 Volts ±5% 

(Logic "1" = most negative voltage V|l and Vol..) 
VSS = 0 Volts (Gnd.) 

(Logic "0" = most positive voltage V||^ and Voh-I 
System Operating Frequencies: 

80 kHz ±50% with external resistor 
Device Power Consumption: 

75 mw, typical 

Input Capacitance: 


Input Leakage: 
<10 pa 


Open Drain Driver Leakage (R OFF): 

*^10 pa at -30 Volts 

Operating Ambient Temperature (TA): 

O^C to 70^0 (TA - 25°C unless otherwise specified.) 
Storage Temperature: 

-55°Cto120OC 

ABSOLUTE MAXIMUM VOLTAGE RATINGS 
(with respect to VSS) 

Maximum negative voltage on any pin -30 volts. 
Maximum positive voltage on any pin +0.3 volts. 


LIMITS (VSS = 0) 


INPUT/OUTPUT 


TIMING 

(SAMPLE/ 

GOOD) 


TEST 

CONDITIONS 



'State established by ij>2 (minimum impedance after 04). 
' 'Same as above except 04 minimum at 02 of next cycle. 



Data shaats on pages 1-D18 through 1-D22 are reproduced by permission of Rockwell International. 



























































PPS4/1 IVIM76 and MM76E 


Open Drain Driver Leakage (R OFF): 

*^10 pa at -30 Volts 

Operating Ambient Temperature (TA): 

0°C to 70°C (TA *» 25°C unless otherwise specified.) 

Storage Temperature: 

•550Cto1200c 

ABSOLUTE MAXIMUM VOLTAGE RATINGS 
(with respect to VSS) 

Maximum negative voltage on any pin -30 volts. 
Maximum positive voltage on any pin -f 0.3 volts. 


INPUT/OUTPUT 

SYMBOL 

LIMITS fVSS-0) 

LIMITS (VSS-+5V) 

TIMING 

(SAMPLE/ 

GOOD) 

TEST 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

Supply Current (Average ) 

lOO 

■ Sma 8ma 

5 ma 8 ma 


VDD - •15.75V 

for VOO 





T - 25 OC 

Discrete 1/O‘t 

V|H 

• 1.0V 

♦4.0V 

034 


Dl/O 0-01/0 9 

V|L 

•4.2 V 

♦asv 



01/0 0-5 

RON 

SOO ohms 

500 ohms 

02' 

1 

Dl/O 6-9 

RON 

400 ohms 

400 ohms 

1 

Channel 1 Input 

V|H 

■1.SV 

♦3.5V 

01 


PI1-PI4 

V|L 

•4.2 V 

♦ 0.8V 



Channel 2 Input 

V|H 

•1.5V 

♦3.6V 

03 


PISPI8 

V|L 

•4.2V 

+0.8V 



I/O Channel A 

V|H 

• 1.SV 

♦3.5V 

03 


RI/Ol-RI/04 

V(L 

•4.2V 

♦ 0.8V 




RON 

250 ohms 

250 ohms 

02' 

6.0 ma max. 

I/O Channel B 

V|H 

•1.5V 

♦3.5V 

03 


RI/05-RI/08 

V|L 

•4.2 V 

♦ 0.8V 




RON 

250 Ohms 

250 ohms 

02' 

6.0 me max. 

DATA I 

V(H 

•1.0V 

♦ 4.0V 




VlL 

•4.2V 

♦0.8V 



DATA O 

RON 

500 ohms 

500 ohms 

04" 

3.0 ma max. 

INTO 

V|H 

1.5V 

♦3.5V 




V|L 

•4.2V 

♦ 0.8V 



INTI 

V|H 

•1.5V 

♦3.5V 




V|L 

-4.2V 

♦aev 



Clock 

VOH 

•1.0V 

♦4.0V 



A, BP. (B) 

VOL 

• 10 . ov 

•5.0V 



EXCLK"* 

VlH 

■1.5V 

♦3.5V 




V|L 

•9.0V 

•4.0V 



CLK IN 

V|H 

•1.0V 

♦4.0V 




V|L 

•10.0V 

-5.0V 



Shift Clock 

V|H 

•1.0V 

♦4.0V 

0 34 


Clock 

V|L 

•4.2V 

♦ 0.8V 




RON 

500 ohms 

500 ohms 

04" 

2.0 ma max. 

VC 

VlH 




56K 15% 


V|L 





PO 

V|H 

2.0V 

♦3.0V 


Special circuit 


V|L 

6.0V 

•1.0V 




'State established by ^2 (minimum impedance after ^4). 

* 'Same as above except 04 minimum at 02 of next cycle. 

' ' Requires selected resistor at VC. Contact Rockwell for specific requirements when using ex ternal oscillator. 


SPECIFICATIONS 

OPERATING CHARACTERISTICS 

Supply Voltage: 

VDD - 15 Volts ±5% 

(Logic "1" “ most negative voltage Vil and Vq|_.) 
VSS = 0 Volts (Gnd.) 

(Logic "0" most positive voltage V|h and Vq^.) 

System Operating Frequencies: 

80 kHz ±50% with external resistor 

Device Power Consumption: 

75 mw, typical 

Input Capacitance: 

<5 pf 

Input Leakage: 

<10 >ia 
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PPS4/1 MM76C 


SPECIFICATIONS 

52-PIN IN-LINE SOCKET 
BurndyP/N: DILE-52P1 
Burndv Corp., 931 S. Douglas 
El Segundo, Calif. 90245 
OPERATING CHARACTERISTICS 
VDD = -15 Volts +5% 

(Logic "1" = most negative voltage V|l and Vql) 
VSS = 0 Volts (GND) 

(Logic "0" = most positive voltage V|h and Vqi-)) 
System Operating Frequencies’. 

89 kHz ±25% (internal clock) 

Device Power Consumption; 

200 mw, typical 


Input Capacitance: 

<5pf 

Input Leakage: 

<10 pa 

Open Drain Driver Leakage (R OFF); 

<10 pa at -30 Volts 
Operating Ambient Temperature (TA): 

0°C to 70°C (TA = 25°C unless otherwise specified) 
Storage Temperature: 

-55°C to 120°C 

ABSOLUTE MAXIMUM VOLTAGE RATINGS 
(with respect to VSS) 

Maximum negative voltage on any pin -30 volts. 
Maximum positive voltage on any pin +0.3 volt. 


Limits (VSS = 0) 

Symbol Min fyp Max 


Limits (VSS = +5V) 




XTLIN, XTLOUT 


Shift Clock 
CLOCK 


Timing 

(Sample/ Test 

Good) Conditions 


VDD = -is.ysv 
T = 250c 



INTI 

< < 

r I 

-1.5V 

-4.2V 

+3.5V 

+ 0.8V 

01 


Clock 

'^OH 

-1.0V 

+4.0V 

-5.0V 

CL # 50 pf (max) 

A. BP, (B) 

^OL 

-10.0V 

-5.0V 



XPWR 

V|H 

VSS 

VSS 




V|L 

VDD 

VDD 




Crystal 
3.579 MHz 



num impedance after 04) 
mum at 02 of next cycle. 
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PPS4/1 MM76L and MM76EL 


SPECIFICATIONS 

Input Capacitance: <5 pf j 

OPERATING CHARACTERISTICS 

Input Leakage: <10 /Ua 

Supply Voltage: 

Open Drain Driver Leakage (R OFF); "^1 0 /Ja at -30 Volts 

VpD - -8.5 Volts -2.5, -f2.0 Volts 

Operating Ambient Temperature (T^) 

(Logic")” = most negative voltage V|L and VqL-I 

0°C to -^70°C (Commercial): MM76L and MM76EL 

VSS = 0 Volts (Gnd.) 

-40°C to +85“C (Industrial): MM76L-2 and MM76EL-2 

(Logic "0" = most positive voltage V|H and Vqh.) 

Storage Temperature: -55°C to 120°C 

System Operating Frequencies: 

ABSOLUTE MAXIMUM VOLTAGE RATINGS 

(1) Internal: 100 kHz Nominal at V^p = -8.5V 

(with respect to VSS) 

(2) External 800 kHz Crystal; 100 kHz 

Maximum negative voltage on any pin -30 volts. 

Device Power Consumption; 15 mw, typical 

Maximum positive voltage on any pin +0.3 volts. 

TEST CONDITIONS: 

Vpo = -8.5V, T^ = 25°C 




LIMITS (VSS = 0) 

INPUT/OUTPUT 

SYMBOL 

MIN 

TYP 

MAX 

Supply Current 
(Average) for VDD 

IDD 


1 .75 ma 

3 ma 

Discrete I/O's 

Dl/O 0-9 

V|H 

V|L 

-1.0V 


-4.2V 


RON 

100 ohms 

Channel 1 Input 
PI1-PI4 


-1.5V 


-4.2 V 

Channel 2 Input 

V|H 

-1.5V 



PI5-PI8 

V|L 



-4.2V 

I/O Channel A 

V|H 

-1.5V 



RI01-RI04 

V|L 



-4.2 V 



250 ohms 

I/O Channel B 

V(H 

-1.5V 



RI05-RI08 

V|L 



-4.2V 



250 ohms 

DATA 1 

V|H 

-1.0V 




V|L 



-4.2V 

DATA 0 

RON 

500 ohms 


LIMITS (VSS = +5V) 


TIMING 

(SAMPLE/ 

GOOD) 


TEST 

CONDITIONS 



CL = 50 pf (max) 


2.0 ma max. 

V = 11.0V max 


Special circuit 


“State established by 02 (minimum impedance after 04). 
'Same as above except 04 minimum at 02 of next cycle. 


NOTES; 

MASK PROGRAMMED PULL-UP RESISTORS ON OUTPUTS 

Resistor pull-ups are available as an option on all RIO and Dl/O 
outputs. These pull-ups are connected to Vp0. The following 
values ± 25% are available: 3K, 5K, 10K, 15K, 25K, and Open 
Circuit. 


PULL-UPS ON INPUTS 

MOS FET Pull-ups are also available on' the PI, INT, and DATA I 
inputs. The connection of this pull-up is optional. The output 
current is 50 i 25 fla with the input grounded and Vqq at 
-8.5 volts. 
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PP24/1 MM77 and MM78 


SPECIFICATIONS 

OPERATING CHARACTERISTICS 


Supply Voltage: 

Open Drain Driver Leakage (R OFF): 

VDD = 15 Volts ±5% 

*^10 ua at *30 Volts 

(Logic "1" = most negative voltage V|L and Vqi .) 

VSS = 0 Volts (Gnd.) 

Operating Ambient Temperature (TA): 

(Logic "0” = most positive voltage V|(-{ and Voh-I 

O^C to 70OC (TA = 25°C unless otherwise specified.) 

System Operating Frequencies: 

Storage Temperature: 

80 kHz ±50% with external resistor 

•55OCto120OC 

Device Power Consumption: 


75 mw, typical 

ABSOLUTE MAXIMUM VOLTAGE RATINGS 

(with respect to VSS) 

Input Capacitance: 


<5pf 

Maximum negative voltage on any pin -30 volts. 

Input Leakage: 

Maximum positive voltage on any pin 4-0.3 volts. 

<1 0 pa 


. LIMITS (VSS«0) 

SYMBOL MIN TYP MAX 


TIMING 
, (SAMPLE/ 
MIN TYP MAX GOOD) 


l/Oi 
Dl/O 0 DJ/0 


Channel 2 Input 
PIS PI8 


I/O Channel X 
RI/05RI/08 


1-D22 
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THE MC6809 MICROPROCESSOR 

The MC6809 is an advanced processor within the 6800 family. It is a high performance machine, both faster and 
more powerful than its predecessor (the MC6800), yet it retains hardware and software compatibility (at the 
source code level) with existing MC6800 parts. 

The MC6809 has been developed with particular attention to the software needs of the user. Because it provides 
powerful new addressing modes and an extended register complement, the MC6809 is capable of supporting 
modern software techniques, such as modular programming, position independent (self-relative) coding, recursive pro- 
gramming, reentrancy, and high level language generation. 

The MC6809 instruction set contains fewer instructions than the MC6800; some existing 6800 instructions have been 
combined into more general and powerful ones, leaving room for some new ones. Many of these new MC6809 instruc- 
tions perform 16-bit manipulations. 

The MC6809 retains all the MC6800 addressing modes and adds some new ones. These modes include long 
relative branches, sixteen variations of indexed addressing. Program Counter relative modes, and extended in- 
direct modes. This extension of existing modes retains the ease and familiarity of the 6800 language, but adds high 
performance capability where needed. 

Hardware improvements have also been implemented on the MC6809. On-chip clock facilities have been ad- 
ded, an internal Schmitt trigger circuit has been incorporated to permit the use of an RC Reset Circuit, and the 
bus timing specifications have been improved to make the system easier to use. Some bus signals have been 
redefined, and new ones have been added, to permit the CPU to function in multiprocessor applications while 
still retaining compatibility with existing parts. In all. these enhancements, combined with the software enhance- 
ments. simplify the use, increase the throughput, and make the CPU tremendously more capable than its predecessor. 

Motorola has clearly aimed the MC6809 at the vast consumer markets yet to come, as well as at existing markets that 
have already been penetrated by the MC6800. With the MC6809, Motorola has maximized the performance of its mid- 
range 6800 family, and now offers an updated product line that spans the range from the low-end single-chip MC0805 
series through the expandable single-chip MC6801 and the mid-range MC6809, up to the newly introduced 16-bit pro- 
cessor, the MC68000. 

The principal manufacturer is Motorola. The primary second source is AMI, and other firms that second source the 
MC6800 may also second source the MC6809. 

The MC6809 family is fabricated using N-channel, silicon gate, ion-implanted depletion load technology. It has 
TTL-level compatible inputs and outputs and operates from a single -1-5 volt power supply. All outputs are able 
to drive 130 pf (typically eight MOS devices) plus one standard TTL load (or four Low Power Schottky loads) at 
full rated bus speed. 

THE MC6809 CPU 

Figure 9-62 illustrates that part of our general microcomputer system that is implemented on the MC6809. 

Enhancements over the MC6800 include an on-chip clock, control logic for cycle-stealing DMA, and interrupt-priority 
arbitration. Not evident in this illustration is the enhanced register complement provided by the MC6809. 
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Interface Logic 


I/O Communication 
Serial to Parallel 
Interface Logic 


I/O Ports 
Interface Logic 


Read/Write 

Memory 


Read Only 
Memory 


Programmable 

Timers 


Figure 9-62. Logic of the MC6809 Microprocessor 


THE MC6809 PROGRAMMABLE REGISTERS 

The MC6809 has an enriched set of registers as compared to the basic MC6800. The register complement con- 
sists of two Accumulators, a Status register, two Index registers, two stack Pointers, a Program Counter and a 
Direct Page register. The mobility of data between the registers has been improved by the introduction of a 
"Transfer Registers" instruction (TFR). This instruction, and the indexing capability of four of the MC6809 registers, 
overcomes most of the weaknesses of the 6800 CPU identified at the beginning of this chapter. 
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The following illustration shows the programmable registers provided by the MC6809. The registers that have been ad- 
ded beyond the basic 6800 CPU complement are shown shaded. 

Accumulator A 
Accumulator B 
Index Register X 
Index Register Y 
Program Counter 
Stack Pointer S 
Stack Pointer U 
Status Register 
Direct Page Register DP 

These four registers function as Index Registers 
The Program Counter has limited indexing capabilities 

Sixteen-bit operations are implemented by concatenating the A and B Accumulators to form one double-preci- 
sion Accumulator D as follows: 



ACCD 


This concatenated Accumulator is referred to as ACCD. > 

Four registers (X, Y, S, and U) pro"ide indexing capability. They permit a 1 6-bit Effective Address (EA) to be formed 
by the addition of an optional offset to the pre-loaded contents of the specified register. There are some differences in 
the ways in which these registers operate and can be used. 

Registers X and Y have been designated the Index registers. Both are capable of performing the same indexing 
functions as were implemented on the basic MC6800, plus a great deal more. Full details are included below, in the 
memory addessing section. 

Two Stack Pointers have been provided, permitting the implementation of two independent Stacks. These 
Stacks are implemented in read/write memory at the locations pointed to by their respective Stack Pointers. These 
Stacks function on a "Last-In. First-Out” (LIFO) basis. 

Stack Pointer S is a hardware stack pointer used by the processor to automatically save machine status and ac- 
tive register contents during subroutines and interrupts in a manner similar to that of the MC6800. With the 
MC6809. however, the user has the option to save a subset only, or the entire register complement. 

Stack Pointer U is a User's Stack Pointer, controlled exclusively by the user's software. It facilitates the passage 
of arguments to and from subroutines. 

The Stack Pointers U and S feature the same indexing capabilities as the X and Y registers; thus. S and U are essen- 
tially enhanced index registers. (There are some differences when using the "Load Effective Address" (LEA) instruc- 
tions. This will be discussed later.) 

The Program Counter points to the next instruction to be executed. Its capability has been enhanced such that Pro- 
gram Counter relative addressing is now provided. This capability effectively permits the Program Counter to be 
used as an index register with limited capabilities. 

The Direct Page register (DPR) permits enhanced direct addressing by allowing a page (in addition to the base 
page) to be software relocated anywhere in memory during program execution. By way of contrast, the MC6800 
does not have a Direct Page register. All MC6800 instructions using the direct mode have their high-order address 
bytes fixed at 00 by hardware. This limits direct addressing in the MC6800 to the first 256 memory locations (0000 to 
OOFF). 



9-177 


Volume 2 
Rev. A, Update 5 
7-79 




Direct Page Register 


EA = Effective Address 



Two-Byte Instruction 


Location Accessed 


Figure 9-63. MC6809 Direct Page Addressing Scheme 

To enforce compatibility with the MC6800, the contents of the Direct Page register on the MC6809 are automatically 
cleared on Reset. To move the page to some other location, the user must software relocate it by loading the high-order 
address bytes into the Direct Page register during program execution. When an instruction using Direct Page address- 
ing is executed, the contents of the Direct Page register are automatically concatenated with the usual 8-bit address 
byte contained in a direct instruction. 

MC6809 MEMORY ADDRESSING MODES 

Let us now look at the addressing enhancements provided by the MC6809. . 

With the incorporation of a Direct Page register, direct addressing has been extended 
throughout ail memory. Direct page addressing uses a two-byte instruction format in which the 
second byte specifies the address to be added to the Direct Page register contents. This scheme is 
illustrated in Figure 9-63. The Direct Page register contains the most significant byte of the 16-bit 
address to be accessed, while the second byte of the instruction contains the least significant byte. 

Since the contents of the Direct Page register are software defined, this page can be dynamically relocated within the 
read/write memory as desired during program execution. 

Many of the new addressing modes require a byte immediately following the operation code 
to further define the interpretation of the instruction. This is called a Post Byte. 



MC6809 
POST BYTE 


MC6809 
DIRECT PAGE 
ADDRESSING 


While this added byte may at first seem wasteful of memory space, the extra power and flexibility provided far out- 
weigh the small additional amount of memory required. It should also be noted that many programs will be composed 
primarily of familiar 6800-type instructions and that the amount of additional memory space consumed by those in- 
structions requiring Post Bytes will usually constitute a relatively small percentage of the total memory used. 

j 

The meaning ascribed to the various bits in the Post Byte depends on the addressing mode — see Table 9-19. 

The four registers X, Y. S, and U are indexable. The Post Byte in this case defines the options ac- 
cording to the scheme shown in Figure 9-64. 


MC6809 

INDEXED 

ADDRESSING 
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00: R = X 
01: R = Y 
10: R =U 
11: R =S 


Figure 9-64. MC6809 Post Byte Bit Assignments 


Table 9-19. MC6809 Indexed Addressing Post Byte Register Bit Assignments 


Bit Number 

Addressing Mode 

Line 

7 

6 

5 

4 

3 

2 

1 

0 

0 

R 

R 

X 

X 

X 

X 

X 

±4-Bit Offset 


1 

R 

R 

0 

0 

0 

0 

0 

Auto Increment by One 


1 

R 

R 

1 

0 

0 

0 

1 

Auto Increment by Two 


1 

R 

R 

0 

0 

0 

1 

0 

Auto Decrement by One 


1 

R 

R 

1 

0 

0 

1 

1 

Auto Decrement by Two 


1 

R 

R 


0 

1 

0 

0 

Zero Offset 


1 

R 

R 

1 

0 

1 

0 

1 

Accumulator B Offset 


1 

R 

R 

1 

0 

1 

1 

0 

Accumulator A Offset 


1 

R 

R 

1 

1 

0 

0 

0 

±7-Bit Offset 


1 

R 

R 

1 

1 

0 

0 

1 

±1 5-Bit Offset 

10 

1 

R 

R 

1 

1 

0 

1 

1 

Accumulator D Offset 

11 

1 

X 

X 

1 

1 

1 

0 

0 

Program Counter ±7-Bit Offset 

12 

1 

X 

X 

1 

1 

1 

0 

1 

Program Counter ±1 5-Bit Offset 

13 

1 

X 

X 

1 

1 

1 

1 

1 

Indirect 

14 


Addressing Mode Field 

Indirect Field 

(Sign bit when B7 = 0) 

Register Field 

00: R = X 

01: R = Y 

10: R = U 

11: R = S 
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Selected Register 



Figure 9-65. MC6809 Constant Offset (Indexed Mode) Addressing 


Many options are provided — they are constant offset, accumulator offset (using Accumulator A, Accumulator 
B. or Accumulator D), auto increment or decrement (by one or two) and indirection. 

Figure 9-65 illustrates a two-byte offset. Flowever, some options do not require any offset, while others require one and 
still others require two Thus, depending on the option chosen, the indexed mode may require two, three, or four bytes. 

Note; Most MC6800 indexed instructions map into an equivalent two bytes on the MC6809. 

In the constant offset mode, the offset is temporarily added to the value contained in the 
specified register to form an Effective Address (EA). Note that these offsets may be positive or 
negative. In contrast, the MC6800 permits only positive offsets. 

Several variations of constant offset indexing are provided. One of the variations uses bit 
space in the Post Byte itself to specify the offset. In this case, the offset is limited to that which 
may be specified by four bits. The instruction thus consists of the op-code and the Post Byte — no 
additional offset bytes are used. The offset is specified by the bit pattern contained in bit positions 
0 through 3. Bit position 4 contains the sign of the displacement, this can be illustrated as follows: 


MC6809 

CONSTANT 

OFFSET 

INDEXING 

ADDRESSING 
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The second constant offset mode is a three-byte instruction, consisting of an op-code, a Post Byte, and a 7-bit twos 
complement offset. This mode can be illustrated as follows; 



To achieve longer offsets than provided above, two offset bytes are used; a four-byte instruction results. The offset is 
specified in twos complement form. The applicable Post Byte is shown as line 10 in Table 9-19 

Accumulator offset is implemented as a two-byte instruction. There are three variations, 
one for each of the Accumulators A, B, and D (see lines 8, 7. and 1 1 of Table 9-19). The con- 
tents of the specified accumulator are treated by the instruction as a twos complement offset. 

Since this is rather complex, let us illustrate with an example. Suppose Accumulator D con- 
tains 1 1O7-|0 and Index Register X contains lO32i0. The Post Byte, shown here. 


MC6809 

ACCUMULATOR 

OFFSET 

ADDRESSING 


7 6 5 4 3 2 1 0 Bit No, 



Pattern for Accumulator D reference 
Address is Direct 
Register Select 
00 = X 


Bit 7 =1 


specifies that the contents of Accumulator D are to be added to the contents of the X register to form an Effective Ad- 
dress (EA); 

EA = 110710 -f- 103210 = 213910 
This is the address to be accessed by the instruction. 

A zero offset addressing option is also defined in which the selected pointer register (X, Y, 

S, or U) contains the effective address of the data to be used by the instruction. This is a two- 
byte instruction which may incorporate an automatic increment or automatic decrement of the 
addressing register's contents as part of the addressing mode mechanization. 


MC6809 
ZERO OFFSET 
ADDRESSING 
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When auto increment is employed, the address in the designated register (X, Y, U, or S) 
is used to access the desired memory location, then the contents of the register are au- 
tomatically incremented. Incrementation is by one or two. depending on the bit configura- 
tion of the Post Byte — see Table 9-19, lines 2 and 3 {reproduced below). 


MC6809 AUTO 

INCREMENT 

ADDRESSING 



When auto decrement is employed, the address in the designated register (X, Y, U, or S) 
is decremented, then the updated address is used to access the desired memory loca- 
tion. Decrementation is by one or two, depending on the bit configuration of the Post Byte — 
see Table 9-19, lines 4 and 5. 


MC6809 AUTO 

DECREMENT 

ADDRESSING 


Indexed indirect addressing is also provided for all indexed options except the ± 5-bit offset MC6809 

case and the auto increment/decrement-by-one cases. Bit 4 of the Post Byte is used to define INDEXED 

whether the instruction is indirect or not (see Table 9-19). Indexed indirect addressing as imple- INDIRECT 

mented on the l\/IC6809 is a pre-indexed mechanization, as described in Volume 1, Chapter 6. The ADDRESSING 

offset value referenced by the instruction is temporarily added to the contents of the designated 
pointer register (X, Y, U, or S) to form an indexed address. The memory location pointed to by this indexed address con 
tains the actual address desired. 


The offset for indexed indirect addressing is specified as 8-bit or 16-bit twos complement offset following the Post 
Byte, as illustrated in Figure 9-66. 

Accumulator indexed indirect addressing obtains the offset as a twos complement number from one of the Ac- 
cumulators A. B, or D as specified by the instruction. 

Indirect addressing for the auto increment/decrement cases is implemented only for the increment by two and 
decrement by two cases — thus indirect increment and indirect decrement by one are not permitted. 

For the case of auto increment indirect, the address in the designated pointer register (X, Y, U, or SP) is used to 
recover an address from memory. This recovered address is the address of the location to be accessed (the 
Effective Address). Following this transaction, the contents of the Pointer register are incremented by two. Post 
Byte bit definitions are indicated in Table 9-19. 

Auto decrement indirect is similar to auto increment indirect. In this case, however, the specified register con- 
tents are decremented twice before the indirect address is abstracted from the register. Post Byte bit definitions 
are indicated in Table 9-19. 

Limited indexed mode addressing is also permitted with the Program Counter. This is detailed in Table 9-19 (lines 
12 and 13). Note that 8-bit and 16-bit offsets only are provided. 

Relative addressing in the MC6809 has been greatly enhanced over that provided in the 
basic MC6800. First, it is no longer limited to branch instructions and, second, the relative 
range has been extended through the use of a 16-bit twos complement offset. 

Relative addressing is an important ingredient in position-independent coding, and the enhanced scheme provided on 
the MC6809 greatly facilitates this method of program structuring. 

All branch instructions have been implemented in the traditional MC6800 form (referred to as the short form) and in a 
long form. The short form takes a one-byte op-code with a one-byte offset, while the long form takes a one- or two-byte 
op-code with a two-byte offset. For the long branch case, the actual address is formed by adding the two bytes follow- 
ing the op-code as a twos complement number to the Program Counter. (Remember, the Program Counter points to the 
next instruction — thus, it has already stepped over the offset bytes.) 


MC6809 

RELATIVE 

ADDRESSING 


9-182 




Copyright ® 1979 McGraw-Hill, Inc. 


Selected Register 



Figure 9-66, MC6809 Constant Offset Indexed Indirect Addressing 


Relative addressing has been extended to include all memory reference instructions. It has been implemented 
as Program Counter relative indexed addressing. Two variations are pernnitted; one uses an 8-bit twos complement 
offset (for short reaches), and the other uses a 16-bit twos complement offset (for long reaches). Table 9-19 defines the 
Post Bytes for these two cases (lines 1 2 and 1 3). The general address formation scheme is similar to that of Figure 9-67. 
This is illustrated below for a short relative transfer. 
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Program Counter 


Op-Code: One or Two 
Bytes long 



Offset (One or Two Bytes) 

1^— Destination if Branch 
not taken 


Destination if Branch 
taken 


Figure 9-67. MC6809 Long Branch Addressing 


This example illustrates the position-independent nature of this form of addressing: 


LDA $104A, PCR 



Data to be accessed is at location $104A 
Load the data into Accumulator A 


The MC6809 assembler requires that you use the mnemonic "PCR" for Program Counter relative addressing. The as- 
sembler then automatically computes the distance or offset from the "present" Program Counter value to the specified 
location. 

From Table 9-21, we determine that the hex code for LDA (indexed) is A6. From Table 9-19, line 12, we get the Post 
Byte. 

8 C 


None of the Registers X, Y, U or S is used 
Reference is Direct 

Bit Pattern from Line 1 2 of Table 9-19 
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Figure 9-68. MC6809 Relative Indirect Addressing 


Assume the program segment starts at address IOOO10. 



Address 

Program Counter 

1000 


1001 


1002 

Updated Contents 

.1003 

of Program Counter 

A 


104A 

\ 


104A 



Code for LDA (Indexed) 

Post Byte 

Offset (computed by assembler) 
Next Instruction 


Data 


•Data is retrieved from 
this address 


During execution, the updated Program Counter value is added to the offset; thus, if the program is relocated, it still 
functions correctly since the location referenced remains the same relative distance away. 

Long reaches are similar to the above, except that the Post Byte is 8D10 (line 13 of Table 9-19), and two bytes are re- 
quired for the twos complement offset. 

Relative indirect addressing is an extension of relative addressing. The Program Counter is 
used again as an indexed register. The general scheme is illustrated in Figure 9-68. 

The offset (one or two bytes, twos complement) is added to the updated contents of the Program 
Counter to form a pointer to a pair of memory locations which contain the actual address to be ac- 
cessed. Fora one-byte offset, the Post Byte is 9Ci0: fora two-byte offset, the Post Byte is 9Di0 — 
see Table 9-19, lines 12 and 13. 

Instructions that use indirect addressing require four bytes of object code: an op-code, a Post Byte and two 
bytes which specify a 16-bit address. These last two bytes are a pointer to a location that contains the actual 
address to be referenced. This approach to indirect addressing differs from that of Volume 1 . Chapter 6 only in that a 
Post Byte is used. The Post Byte has a value of 1001 1111 (9Fi0) as defined by line 14 of Table 9-19. (This mode is 
shown in Table 9-19, since it is actually implemented as an indexed, indirect instruction, relative to the Program 
Counter.) 
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MC6809 STATUS FLAGS 

The MC6809 has a Status register which maintains five status flags and three interrupt control bits. The five 
status flags are: 

Carry (C) 

Overflow (V) 

Sign (S) 

Zero (Z) 

Auxiliary or Half-Carry (H) 

Statuses are assigned bit positions within the Status register as follows: 

7 6 5 4 3 2 1 0 Bit No. 



I 

I 

I 

I 



Note that the two high-order condition codes (bits 6 and 7) are used here; in the MC6800, MC6801 , and MC6802 they 
are permanently set to 1. 

Bits 0 through 5 are the same as the corresponding MC6800/MC6801/MC6802 Status register bits: however, 
there are differences in how some of the instructions affect these bits: 

1 ) On the MC6800 and MC6802, only the Z bit is set correctly when the CPX instruction is executed. On the MC6809, 
all bits are handled correctly. 

2) The multiply instruction (MUD on the MC6809 sets the Z bit (if appropriate). The MUL instruction of the MC6801 
does not. 

3) On the MC6800, MC6801, and MC6802, the right shift instructions (ASR, LSR. and ROR) set the overflow bit (V) if 
applicable; the corresponding instructions on the MC6809 do not affect Overflow status. 

4) The TST instruction on the MC6800, MC6801, and MC6802 clears the C bit; the MC6809 TST does not affect it. 

5) The H bit is undefined on the MC6809 after the operations CMP, NEC. SBC, and SUB. The corresponding MC6800, 
MC6801, and MC6802 instructions all clear H. 

Details of the effect of each instruction on the Status register bits are included in the MC6809 Instruction Set Sum- 
mary — Table 9-23. 

Before describing the three remaining status bits, we must look at the hardware and software interrupts that 
are provided on the MC6809. 

An additional maskable hardware interrupt, designated FIRQ, has be en pr ovided on the MC6809. This is a Fast 
Interrupt Request input, masked by bit 6(F) of the Status register. FIRQ caus es only a subset of registers to be 
pushed onto the Stack. The thre e hardware interrupts are, in order of priority, NMI (highest and non-maskable), FIRQ 
(maskable by the F bit) and IRQ (lowest and maskable by the I bit). 

Three software interrupts are provided. They are SWI, SWI2 and SWI3. 

Let us now return to the three status bits I, F, and E. 

M^the external interrupt disable flag associated with ha rdware in t errupt inpu t IRQ. When 1 = 1, interrupts via 
IRQ are disabled; when I =0, interrupts via IRQ are enabled. NMI, FIRQ, IRQ, RESET and SWI all set I to 1. SWI2 and 
SWI3 have no effect on I. 

F is t he external interrupt disable flag asso ciate d with hard ware i nterr upt input FIRQ. W hen F = 1, interrupts via 
FIRQ are disabled; when F = 0, interrupts via FIRQ are enabled. NMI, FIRQ, SWI and RESET all set F to 1 ; IRQ, SWI2 
and SWI3 have no effect on F. 

E is the Entire flag bit. T he occurrence of NMI, IRQ, SWI, SWI2 or SWI3 sets E and stacks the entire machine register 
complement, while FIRQ clears E and stacks only the Program Counter and the Status register. Note that only the E bit 
in the saved or Stack Status register has any significance. 

E is used at the end of interrupt processing to determine how much to unstack. When the RTI instruction is ex- 
ecuted at the end of an interrupt, the processor checks the E bit from the recovered Status register. If E = 1, the full 
complement of registers is restored from the Stack, whereas, if E = 0, only the subset consisting of the Program 
Counter and Status register is retrieved. 

MC6809 CPU PINS AND SIGNALS 

The MC6809 CPU pins and signals are illustrated in Figure 9-69. A description of these signals is useful as a 
guide to the way in which the MC6809 works and to the ways in which it differs from the MC6800. 
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23 
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22 
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Pin Name 

Description 

Type 

•A0-A15 

Address Lines 

Tristate, Output 

•D0-D7 

Data Bus Lines 

Tristate, Bidirectional 

•E, Q 

Clock Signals 

Output 

•R/W 

Read/Write 

Tristate, Output 

•BA 

Bus Available 

Output 

•BS 

Bus State 

Output 

EXTAL, XTAL 

Crystal 

Input 

•MRDY 

Memory Ready 

Input 

•DMA/BREQ 

DMA/Bus Request 

Input 

•HALT 

Halt 

Input 

•RESET 

Reset 

Input 

NMI 

Non-Maskable Interrupt 

Input 

•FIRQ 

Fast Interrupt Request 

Input 

•IRQ 

Interrupt Request 

Input 

VqD' Vss 

Power and Ground 


1 ‘These signals connect to the System Bus. j 


Figure 9-69. MC6809 CPU Signals and Pin Assignments 


The RESET input is used to initialize the CPU. To reset it. the RESET line mu st be as serted low for at least one bus cycle. 
This aborts the current operation. An internal Schmitt Trigger circuit on the RESET input permits the use of a simple RC 
network to reset the entire system. 



'Disarm NMI 
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EXTAL and XTAL are inputs for a parallel resonant crystal; alternatively, EXTAL may be driven by an external TTL-; 
level compatible clock by grounding the XTAL pin. 

The Enable pin E distributes the clocking signal to the rest of the system. It is a standard 6800 Bus system timing 
signal and is usually connected to the E inputs of MC6800 family devices. 

Q is a new clocking output signal that has no counterpart in the MC6800, MC6801, or MC6802 versions. Its 

positive transition indicates when stable address exist on the system busses. 

Memory Ready (MRDY) is an input control signal that is used to extend the data access time when slow memories are 
used. It is also used to extend the access time in multiprocessor applications when shared memories are used. 

The Address Bus lines (AO to A15) and Data Bus lines (DO to D7) are standard 6800 peripheral-compatible 
busses. Their relationship with bus control signals is detailed later. 

R/W is the same as the MC6800 signal. It is valid with the positive transition of Q. 

Control signals on the MC6809 Control Bus may be divided into bus state controls, bus data 
identification, and interrupt processing. There are some lines here that do not exist on the 
MC6800. 

These are the bus state control lines: 

DMA/Bus Request (DMA/BREQ): This is an input line used for DMA or memory refresh operations. When asserted 
low, it suspends CPU operation (by stretching the internal CPU clock), takes the processor off the bus and tristates the 
system busses. (There is no equivalent to this line on the MC6800 — in fact, it takes two lines, TSC and DBE, just to 
float the system busses.) 

No DBE (Data Bus Enable) input is provided on the MC6809. The equivalent of DBE is generated internally by the 
processor. 

HALT: When this input is asserted low, the CPU ceases operation at the end of the current instruction and the system 
busses (Address, Data and R/\^ are tristated. The CPU may remain in the halted state indefinitely without loss of data. 

Bus Available (BA): This output line (when driven high by internal logic) indicates that the system busses (Address, 
Data and R/W) are in their high impedance state and available to external devices for Direct Memory Access (DMA) 
transactions or any other form of bus sharing activities permitted. BA high does not imply that the bus will be available 
for more than one cycle, however. When driven low (by internal logic) an additional bus cycle at high impedance oc- 
curs before resuming operation. 

Bus State (BS): This is an encoded output which, in conjunction with output BA, indicates the current state of the 
CPU. Combinations are listed in Table 9-20. 


MC6809 
BUS STATE 
CONTROLS 


Table 9-20. MC6809 Bus Status Signals 


BA 

BS 

Function 

0 

0 

Normal Operation (Running) 

0 

1 

interrupt Acknowledge 

1 

0 

SYNC Acknowledge 

1 

1 

BUS GRANT or HALT Acknowledge 

Status indications are valid on the leading edge of Q. 


No VMA (Valid Memory Address) output is provided on the MC6809 — instead, when the 
processor does not need to use the system busses for a data transfer, it simultaneously sets 
all address lines high (FFFF10) and R/W = 1. This is a "dummy" read of address FFFF. During 
this dummy read, both BA and BS = 0. The only other required read of address FFFF occurs during 
a fetch of the low-order Reset vector address. During this access of FFFF, however, BA = 0 and BS = 1 (see Table 9-20). 
Thus, the status of lines BA and BS permits the user to differentiate between these two situations. (Note that MRDY 
cannot be used to extend one of these dummy cycles.) 

These are the three interrupt processing signals: 

Non-Maskable Interrupt (NMI): This interrupt canno t be masked. It is an edge-sensitive (as oppo sed to level-sensi- 
tive) input that responds to a high-to-low transition. On NMI, the full register complement is stacked. NMI has the high- 
est priority. 


MC6809 

VMA 

CONDITION 
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IRQ is a hardware Interrupt Request input. An interrupt generated at IRQ stacks the full complement of CPU 
registers. IRQ has lowest priority. 

FIRQ is a Fast Hardware Interrupt Request inpu t. It provides f ast r esponse by stacking only the return address and 
the Status register. It has higher priority than IRQ but less than NMI. 

MC6809 TIMING AND INSTRUCTION EXECUTION _ 

An internal divide-by-four circuit on the MC6809 permits the use of inexpensive, parallel MC6809 

resonant crystals. Alternatively, EXTAL may be driven by an external TTL-level compatible CLOCK 

clock. Since the internal divide-by-four circuit is still utilized, the bus frequency is 1/4 input fre- OPTIONS 

quency. , U— — _J 



The phase relationship between the MC6809 timing outputs E and Q is shown below. Q is a quadrature clocking 
signal that leads E. 


1*^ Start of Cycle f<3- End of Cycle 

I I 

I . . I , 

I I 






Figure 9-70. MC6809 E and Q Timing for Write Cycles 



Addresses from the CPU may start to change after the hold time from the falling edge of E, but 
they are guaranteed to be stable on the leading edge of Q, as shown in Figure 9-70. The timing 
shown in this figure is for an MC6809 write cycle. 


MC 680 g 

WRITE 

TIMING 


During the write cycle, the processor starts to propagate data onto the Data Bus at the positive transition of Q; this data 
is guaranteed to be valid on the trailing edge of Q. 

Figure 9-71 illustrates the timing for an MC6809 read cycle. 


MC6809 

READ 

TIMING 
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Peripherals generally propagate data into the system via the Data Bus during E high. Data needs 
to be stable a short time before and after E goes low. This is the hold time. 

Note that the Data Bus is floated during the interval when both E and Q are low (on a write cycle) or for 1/2 cycle when 
E is low (on a read cycle.) This interval allows "turn-around" time on the bidirectional Data Bus. 

Several control signals are provided to increase timing parameters so that the MC6809 can 
be easily interfaced to siow devices. 

If E (high) is too short for the external device logic to respond to during the write cycle, the slow 
device may be accommodated if we stretch the bus clocks. MRDY permits this stretching. By 
asserting MRDY low, the clocks are stretched as indicated in the following illustration; 



MC6809 

ACCESSING 

SLOW 

DEVICES 


A low input on MRDY when E goes high causes E to remain high: stretching terminates when MRDY is returned high. 
Stretching will always be an integral number of high-frequency clock cycles (that is, 1/4 bus cycles) and must not ex- 
ceed 10 microseconds in order to maintain the integrity of the CPU internal registers. 

Note that MRDY alters the system E signal. Devices which require a constant clock frequency must therefore use a 
different clock source if this clock stretching technique is implemented. 

IVIC6809 DIRECT MEMORY ACCESS 

The MC6809 bus state control monitoring signals permit all three of the most widely used DMA techniques 
(Halt mode, cycle stealing, and bus multiplexing) to be implemented. With the on-chip clock version of the 
MC6809, cycle-stealing DMA is controiled by the chip itself. 

Consider first Halt mode DMA. This is the simplest mode, as one simply shuts down the CPU MC6809 
while transactions take place on the bus. The MC6809 Halt state is equivalent to the Halt^ the HALT MODE 

6800, or the Hold state of the 8080A, The CPU will float its Address Bus, D ata Bu s, and R/W line DMA 

and suspend instruction execution in response to a low level applied to the H ALT input. The CPU 
will maintain this condition indefinitely (without loss of data) u ntil the HALT input is driven high again. While in this 
state, BA and BS are asserted high by internal CPU logic. When HALT is driven low, the CPU will continue to run until 
the end of the current instruction before it enters the Hold state. The worst case latency is 20 machine cycles. This oc- 
curs with the Software Interrupt instructions SWI2 and SWI3. 
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In most cases, it will be sufficient to use BA alone as a BUS GRANT signal. 

With the above as background, we can summarize the Halt mode DMA activity as follows: 

• The external device asserts the CPU HALT line low. 

• At_die end of the current instruction, the CPU suspends operation, floats the system busses (Address, Data and 
R/W), and outputs BA high to signify to the DMA device that it may take over the busses and commence a DMA 
transaction. 

o The bus clocks E and Q continue to furnish synchronization signals to the DMA interface. 

• At the end of the transaction, the external device asserts HALT high. This terminates the DMA activity by making 
BA =0 and restores the CPU to normal operation one cycle later. 

Now consider cycle-stealing DMA. This mode is easily implemented because the inter- 
nal circuitry of the MC6809 incorporates all the clock stretching and bus floating logic 
required. 

The external DM A device initiates cycle-stealin g DMA by p ulling the MC6809 Bus Request 
line DMA/BREQ low. Recognition of this low on DMA/BREQ causes the internal CPU clocks to be stretched, while the 
bus clocks (E and (^continue to function normally. In addition, both BA and BS go high, and the system busses (Ad- 
dress, Data and R/W) are floated. Figure 9-72 illustrates the timing sequence for cycle-stealing DMA. 

A DMA transaction is initiated by pulling the DMA/BREQ line low before the trailing edge of Q. This suspends opera- 
tion of the internal clocks (it stretches them an integral number of basic machine cycles), and starts to float the system 
busses (a hold time after the trailing edge of E). 

To prevent false reads or writes to memory and peripherals as the addre ss and R/W lines I EXTERNAL VMA 
are floated, the system must generate an external VMA signal (denoted DMAVMA). This 


MC680g 

CYCLE-STEALING 

DMA 
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DMAVMA signal is used to disable the memor y and perip herals until the DMA device has control of the system busses. 
A circuit that could be used to generate this DMAVMA signal is as follows: 



DMAVMA 


The CPU acknowledges DMA/BREQ by asserting BA and BS high. This is the BUS GRANT signal. It signifies to the DMA 
device that the CPU has been removed from the busses, and that a DMA transaction may take place. The bus clock sig- 
nals E and Q continue to furnish bus timing to the DMA interface. 

At the end of the transfer, the external device returns DMA/BREQ high, restoring the CPU to normal operation. This 
must occur before the trailing edge of Q. and the DMA device must get off the bus a hold time after the trailing edge of 
E (in the same cycle). The CPU busses wi ll begin to e merge from their floating condition after the dead cycle, ^gain, the 
system must provide a low VMA signal (DMAVMA) to prevent false accesses while the Address Bus and R/W line are 
going through this floating state. 

Dynamic memory refresh can also be implemented on a cycle-stealing basis by making the 
refresh controller a high priority DMA device, and accessing the required number of consecu- 
tive locations within the time required to maintain data integrity. Another way of refreshing 
dynamic memory would be to simply perform a high-speed scan through 64 or 128 consecu- 
tive memory locations. This is easily done through a single-instruction subroutine consisting of 
63 (or 127) pre-bytes and an RTS (or RTI). 

MC6809 INTERRUPT PROCESSING AND RESET 

Interrupt capabilities implemented on the MC6809 are; 
o Hardware Interrupts NMI, FIRQ, and IRQ 
o Software Interrupts SWI, SWI2 and SWI3 
o RESTART 

NMI and IRQ are equivalent to the corresponding interrupts on the MC6800. 

FIRQ is a Fast Inter rupt Request that has no counterpart on the MC6800. It is a maskable, hardware interrupt of 
higher priority than IRQ. Its implementation provides the MC6809 with an easy to use two-level vectored i nter- 
rupt scheme. An interrupt on IRQ automatically vectors to its own software handler routine, while an i nterru pt on FIRQ 
automatically vectors to its unique software handler routine. The higher priority device is connected to FIRQ to achieve 
priority response. 

Within each of these levels, software polling may be used if more than one interrupt device is connected on each inter- 
rupt input. However, as noted in the MC6800 description, software polling greatly increases interrupt latency and can 
quickly become untenable. 

An alternate scheme that permits direct vectoring by the interrupting device itself to anywhere in memory may be im- 
plemented. This is described later. 

The MC6809 sets aside the sixteen highest addressable memory locations for interrupt pro- 
cessing purposes. Seven 1 6-bit addresses are stored in these locations (one pair of locations 
is reserved for future definition). These seven addresses identify the starting addresses of 
the service routines for the seven possible sources of interrupt. 
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INTERRUPT 
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This is how the memory locations are used to store the interrupt vectors: 


FFFO and FFF1 

Reserved 

FFF2 and FFF3 

SWI3 

FFF4 and FFF5 

SWI2 

FFF6 and FFF7 

Fi^ 

FFFB and FFF9 

IRQ 

FFFA and FFFB 

SWI 

FFFC and FFFD 

NMI 

FFFE and FFFF 

. RESET 


The lower address of each pair (FFFO. FFF2, FFF4, ...FFFE) holds the high-order byte of the starting address. 

In the event of simultaneous interrupt 
acknowledge process: 

Highest 


Lowest 

We will begin our discussion of MC6809 interrupt processing by describing the various interrupts. 

Consider first FIRQ. FIRQ permits high-speed response to hardware interrupts by stacking 
only a subset of the register complement — only the return address and the Stack register con- 
tents are pushed onto the Stack. At the end of the interrupt, these two items only are restored 
from the Stac k. Status register flag bits F and I are set to mask out the present FIRQ and further 
IRQ and FIRQ interrupts. (If you wish to admit multiple-level interrupts, you can now clear the F 
and I flags.) 

We will refer to IRQ as the standard hardware interrupt. I t pro vides slower response than 
FIRQ, because i t stacks t he entire ma chin e st ate. T hus, IRQ functi ons in the same way 
as t he M C6800 IRQ. FIRQ can interrupt IRQ, but IRQ cannot interrupt FIRQ, since FIRQ disa- 
bles IRQ by setting the I bit of the Status register. 

The M C6809 includes three software interrupts. SWI has higher priority than IRQ and 
FIRQ, and disables these interrupts by setting the Status flags F and I. SWI2 and SWI3 
do not disable any interrupts. All three save the entire machine status by pushing the 
contents of all the active registers onto the Stack. 

SWI is implemented on the MC6800, but the MC6800 has no counterpart to SWI2 and SWI3. 

Note that these instructions cause the MC6809 to go through the complete logic of an interrupt request, even though 
the interrupting source is within the CPU. 

The non-maskable interrupt NMI, as with the MC6800, cannot be disabled. Like IRQ, it 
stacks the entire machine status. 

Because NMI is not masked, repeated NMI interrupts occurring before the previous ones have 
been terminated by an RTI (Return from Interrupt) instruction can cause the Stack to overflow. 

This will cause a fatal error. 

A detailed discussion of RESET versus Interrupt response is included with the MC6800 descrip- 
tion and will not be repeated here. However, the following points should be noted; 

• If the HALT or DMA/BREQ inputs are asserted low when RESET makes its low-to-high transition, it will be 
latched, and the CPU will wait until the resumption of a funning state before completing the reset. 

• Asserting RESET will not bring the CPU out of tristate during a HALT or DMA condition. 

• Because a Schmitt trigger is used on the RESET input, a simple RC network can be used to reset the CPU. This 
is much less stringent than the 100 nanosecond rise time limit of the MC6800. 

Normally, the reset action takes five bus cycles. However, since DMA may occur during reset, the actual reset may take 
considerably longer. 

Through the use of some external logic, it is possible for the interrupting device to force 
a vectored jump to anywhere in memory. This scheme makes use of the Interrupt 
Acknowledge (lACK) signal. 

Table 9-20 shows the lACK is indicated by BA = 0 and BS = 1. These status indications are 
valid on the leading edge of Q. 
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MC6809 
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MC6809 
SOFTWARE 
INTERRUPTS SWI, 
SWI2 AND SWI3 


MC6809 

FAST 

INTERRUPT 

REQUEST 


requests, this is the priority sequence during the MC6809 

INTERRUPT 

PRIORITIES 

1) RESET — ■■ 

2) Non-Maskable Interrupt (NMI) 

3) Software Interrupt (S WI) 

4) Fast Interrupt Request FIRQ 

5) Standard Hardware Interrupt (IRQ) 
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lACK indicates t hat a b y te of vecto r address is being retrieved from one of the memory locations FFFO to FFFF as a result 
of an interrupt (RESET, NMI, FIRQ, IRQ, SWI, SWI2 or SWI3). lACK is valid during both the high-order and low-order 
vector address byte fetches. 

Note that the address locations corresponding to the seven vectors are all of the form FFFX, where X is between 0 and 
F; thus, only the last four bits of the address differ. By externally decoding these four low-order bits plus the lACK sig- 
nals BA and BS, you can determine what type of interrupt has been accepted, disable the ROM containing addresses 
FFFO to FFFF, and jam onto the Data Bus the address of an appropriate interrupt service routine. This is done in turn for 
both the high-order and low-order address bytes by external device logic. Figure 9-73 illustrates the sequence for exter- 
nally vectoring an interrupt. 

Note that the address byte jammed onto the Data Bus is loaded into the Program Counter by the CPU as its normal 
response to an interrupt request, but now the 16-bit address loaded is the address supplied by the external device, not 
the address normally retrieved from the applicable address pairs FFFO/FFFl to FFFE/FFFF. 

At the end of this transaction, the program commences execution at the address supplied by the interrupting device. 
Thus, a vectored jump to the device service routine has been effected. 

This technique can drastically reduce interrupt response time as compared to a polled approach. 
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Stack Pointer SP is used during interrupts. For all interrupts except FIRQ, the full comple- 
ment of registers is stacked. The sequence in which the registers are saved on the Stack can be 
illustrated as follows; 



Before Interrupt After Interrupt 


MC6809 

STACKING 

DURING 

INTERRUPTS 


The MC6809 Stack Pointer(s) points to the last item placed in the Stack, instead of to the next empty location 
as with the MC6800, MC6801, and MC6802. The new stacking order interchanges the order of Accumulators A 
and B to make A the high-order byte instead of B, as is the case on the MC6800, MC6801, 

The MC6809 provides two methods of achieving external process synchronization. 

The first method we wiii consider is simiiar to the one implemented on the MC6800. 

It uses the CWAI instruction, which is similar to the MC6800 sequence CLI WAI. 

However, CWAI does not float the system busses as WAI does on the MC6800. (No WAI in- 
struction exists on the MC6809.) 


and MC6802. 

MC6809 

HARDWARE- 

SOFTWARE 

SYNCHRONiZATiON 


When the CWAI instruction is executed, the processor logically ANDs the immediate-b /te of the instruction into the 
status register, stacks the entire machine status, then sits idle until an interrupt occurs. When an interrupt occurs, it 
can be processed immediately, as no time need be spent in stacking machine status. 

The CWAI instruction is an immediate mode instruction, with the immediate data being a mask byte. During execution, 
this byte is automatically ANDed with the Status register byte to clear interrupt bits F and I if required. 

When an interrupt occu rs, it will (if it hasn't been masked) cause a transfer to the appropriate interrupt service routine. 
Note that when an FIRQ occurs, it will enter its service routine with the entire machine status stacked (instead of just 
the Program Counter and Status register); however, the corresponding RTI instruction will correctly unstack it, since 
the state of the stacked E bit will properly indicate how much status was stacked. 

The second method of synchronization uses the new MC6809 SYNC instruction. When ex- MC6809 SYNC 

ecuted, SYNC causes the pr ocess o r to c ea se fu rther execution and wait for an interrupt to iNSTRUCTION 

occur. Any of the interrupts NMi, FIRQ or IRQ may release the processor from the SYNC 
state. If the interrupt is enabled, the processor will service it; if it is disabled, the processor simply continues on 
to the next instruction in sequence, without stacking the machine status. The logic of the SYNC Instruction is il- 
lustrated in Figure 9-74. 
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Begin execution of 
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Occurs interrupt. 
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Figure 9-74. MC6809 SYNC Instruction Logic 
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One obvious use of the SYNC instruction would be to implement high-throughput program/device synchroniza- 
tion. The following diagram illustrates this concept. (To keep it simple, we have assumed that only one interrupting 
device is connected to the system.) 



Wait for data 
byte available 


Device generates an 
interrupt when a 
byte of data is 
available. 


Has all the 
data been 
transferred? 


External logic can determine when the CPU is in the SYNC state by decoding the MC6809 BA and BS signals. A SYNC 
acknowledge status is indicated by BA = 1 and BS = 0, as shown in Table 9-20. Note that since BA = 1, the system 
busses are floated. 

SYNC can also be used to mechanize block transfer of data under DMA control. When SYNC 
is executed, the busses are floated and BA = 1. BS = 0 announces to the DMA device that 
it may take over the system busses. At the end of each block transfer, the DMA device advises 
the CPU by asserting an interrupt request, and the program resumes execution. 

Note that the MC6B00 does not have a SYNC instruction. Block transfer DMA for the 6B00 can be implemented via the 
.WAI instruction as described in the MC6B00 section. 

THE MC6809 INSTRUCTION SET 

Table 9-21 lists the MC6809 instruction mnemonics, while Table 9-22 summarizes the instructions which differ 
from those that appear in the MC6800 instruction sot. Note that all MC6B00 addressing modes have been imple- 
mented, plus the enhanced modes that we described at the beginning of this section. 

When comparing the MC6B09 instruction set to the MC6B00 set, you will notice that Direct Page addressing for the 
MC6809 applies to all memory reference instructions, not just the primary memory reference instructions as is the case 
for the MC6800. In addition, the Direct page can be dynamically relocated. 

During our discussion of the MC6800, we noted the paucity of index registers and the lack of data mobility be- 
tween them. These deficiencies have been corrected and the MC6809 set includes two types of instructions 
for register-to-register transfers — the Exchange and the Transfer instructions. The only restriction on the use of 

these instructions is that the source and destination registers must be the same size (i.e., both 8 bis or both 16 bits). 


MC6809 USE 
OF SYNC 
FOR DMA 
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An examination of the MC6809 set reveals that some of the familiar MC6800 instructions 
are missing. However, provision has been made to perform the missing operations in alter- 
nate ways. For example, the instruction to clear the Carry bit C is implemented on the MC6800 as 
CLC; to perform this on the MC6809, one must use ANDCC #$FE. The result of these changes is 
that, even though the MC6809 is fully software compatible (at the source code level) and much more powerful, it uses 
fewer mnemonics than the MC6800 (59 versus 72). 

The MC6809 contains many instructions that the MC6800 does not. Some of these we have 
already noted, such as Synchronize with Interrupt (SYNC), Clear and Wait for Interrupt (CWAI), 

Exchange Registers (EXG), Transfer Register (TFR), and the Software Interrupts SWI2 and SWI3. 

Some of the remaining differences are simply extensions of the existing instructions to make them 
apply to the new registers — e.g., ANDCC, LDY, etc. — while others are totally new — e.g.. Sign Extend (SEX) and 
Load Effective Address (LEA). 

Some mnemonics that are used with both the MC6800 and the MC6809 have slightly altered meanings. This is 
illustrated below for the "Load Accumulator" instruction. 
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MC6800/MC6801 /MC6802 
Generic Form: LDA 

LDAA = Load Accumulator A 
LDAB = Load Accumulator B 


MC6809 

Generic Form : LD 

LDA = Load Accumulator A 

LDB = Load Accumulator B 

LDD = Load Accumulator D 

LDS = Load Hardware Stack Pointer 

LDD = Load User Stack Pointer 

LDX = Load Index Register X 

LDY = Load Index Register Y 


The "Store Accumulator" instruction has similarly been altered. 

The Push and Pull instructions have been enhanced such that any, all, any subset, or none of 
the CPU registers can be pushed or pulled from the stacks. PSHS and PULS access the Hard- 
ware Stack, while PSHU and PULU access the User Stack. These instructions require a Post Byte, 
as shown in the following illustration: 


MC6809 PUSH 
AND PULL 
INSTRUCTIONS 


Push or Pull 



Bit No. 

If '1', Stack contents of: 


Status Register 
Accumulator A 
Accumulator B 
Direct Page Register 
Index Register X 
Index Register Y 

Stack Pointer (S)/User Pointer (U) 
Program Counter 
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To illustrate, the assembler instruction PSHS D is encoded as follows; 




Bit No. 
(Post Byte) 



Stack 

Accumulators A and B 


Note the interpretation of bit 6. When executing PSHS, if bit 6 = 1, the contents of U are saved. When executing PSHU, 
if bit 6 = 1, the contents of SP are saved. Note that PSHS cannot save the contents of SP and PSHU cannot save the 
contents of U. 


The Exchange Registers and Transfer Register instructions also require a Post Byte to 
identify the source and destination registers, as shown in the foilowing diagram: 



Register Field 


0000 = D (A.B) 

0001 = X 

0010 = Y 

0011 = U 
0100 = S 


0101 = PC 

1000 = A 

1001 = B 

1010 = CCR 

1011 = DPR 


Bit No. 


MC680g EXCHANGE 
REGISTER AND 
TRANSFER REGISTER 
POST BYTE 


One of the strengths of the MC6809 system is the ease with which position independent 
code can be generated. The Load Effective Address instruction (LEA) is provided to heip 
facilitate this. This instruction can be used with any of the indexed registers, yielding the four 
source forms LEAX, LEAY, LEAS, and LEAU. A Post Byte is required (from Table 9-19), 


MC680g 

LEA 

INSTRUCTION 


The following program segment illustrates how LEA is used to generate position independent code. During the assem- 
bly process, the offset (from the end of the LEA instruction) to the beginning of the table is determined and inserted as 
the two-byte offset 0009. 


Address 

Op 

Code 

Post 

Byte 

Offset 



Source Code 

0100 

30 

8D 

0009 

START 

LEAX 

■ TABLE.PCR 

0104 

A6 

80 


LOOP 

LDA 

,x+ 

0106 

• 

• 





010D 




TABLE 

FCC 

/TABLE OF CHARACTERS/ 
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Assume that the program is stored at the locations shown. During execution, the offset 0009 is added to the updated 
Program Counter value 0104 to yield the start of table address 010D. This value is loaded into Index Register X, rather 
than put out on the Address Bus. When the indexed instruction LDA.X-f is executed, this newly computed. address 
(stored in the Index register) is used to access data from the table. 



Notice what happens if the above block of code is moved to another location in memory as shown below. 


Address 



During execution, the new table address 040D is formed in Index Register X when LEAX is executed and used by the 
instruction LDA,X+ to correctly abstract entries from the table. Truly, this is position independent code. 

The instructions shown shaded in Table 9-21 are the new (or modified) instructions. They are summarized in 
detail in Table 9-22. The remaining instructions have already been summarized in the MC6800 section (Table 
9-1). It should be noted that many of the unchanged instructions take fewer machine cycles to execute on the MC6809 
than on the MC6800. 

When comparing the MC6800 family processors, it should be noted that the MC6800 and MC6802 have the same in- 
struction set, and the MC6801 has a superset of the MC6800, but a subset of the MC6809. 
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Table 9-21. MC6809 Mnemonics (New and Modified Instructions are Shaded) 


Instruction 

Source Forms 

Instruction 

Source Forms 

Instruction 

Source Forms 

Instruction 

Source Forms 

ABX 


BLS 

BLS 

DEC 

DECA 

OR 

ORA 

ADC 

ADCA 


LBLS 


DECB 


ORB 


ADCB 

BLT 

BLT 


DEC 


ORCC 

ADD 

ADDA 


LBLT 

EOR 

EORA 

PSH 

PSHS^ 1 


ADDB 

BMI 

BMI 


EORB 


PSHU 


„ , ADDD 


LBMI 

EXG R1, R2 . 


PUL 

PULS12 

AND 

ANDA 

BNE 

BNE 

INC 

INCA 


PULU 


ANDB 


LBNE- 


INCB 

ROL 

ROLA 


ANDCC 

BPL 

BPL 


INC 


ROLB 

ASl3 

ASIA 



JMP 



ROL 


ASLB 

BRA 

BRA 

JSR 


ror6 

RORA 


ASL 


LBRA 

LD 

lda10 


RORB 

ASR3. 6 

ASRA 

. .. BRN 

BRN 


ldbIO 


ROR 


ASRB 


LBRN 


LDD 

RT|8 



ASR 

BSR 

BSR 


LDS 

RTS 


BCC 

BCC 


LBSR 


LDU 

SBc3 

SBCA 


LBCC , 

BVC 

BVC 


LDX 


SBCB 

BCS 

BCS 


LBVC 


LDY 

SEX 



LBCS 

BVS 

BVS 

LEA 

LEAS 

ST 

staIO 

BEQ 

BFO 


LEVS 


LEAU 


STB 10 


LBEQ 

CLR 

CLRA 


LEAX 


STD 

BGE 

BGE 


CLRB 


LEAY 


STS 


LBGE 


CLR 

LSL 

LSLA 


STU 

BGT 

BGT 

CMP3 

CMPA 


LSLB 


STX 


LBGT 


CMPB 


LSL 


STY 

BHI 

BHI 


CMPD 

LSR6 

LSRA 

SUB3 

SUBA 


LBHI 


CMPS 


LSRB 


SUBB 

BHS 

BHS 


. CMPU 


LSR 


SUBD 


LBHS 


CMPx7 

MUL'^ 


SW|9 

SWI 

BIT 

BITA 


CMPY 

NEG3 

NEGA 


SWI2 


BITB 

COM 

COMA 


NEGB 


SWI3 

BLE 

BLE 


COMB 


NEG 

SYNC 



LBLE 


COM 

NOP 


TFR R1, R2 


BLO 

BLO 

CWAI 




TST 

TSTA 


LBLO 

DAA 





TSTB 








TST 


Notes 

1 . The unshaded instructions are described in the MC6800 section. They have the same object codes for both the MC6800 


and the MC6809 processors. 

2. R1 and R2 may be any pair of 8-bit or 16-bit registers. The 8-bit registers are A, B, SR and BPR. The 1 6-bit registers are X, 
Y, U, SP, D, and PC. 

3. The Auxiliary or Half-Carry bit H is undefined for these cases. 

4. This MUL sets the Z bit if appropriate. The MC6801 MUL does not. 

5. This instruction does not affect the C bit. On the l\/IC6800/680 1/6802 it clears C. 

6. These do not affect the overflow bit (V). On the MC6800/6801/6802 they may. 

7. This instruction correctly sets all flags. On the MC6800/6802 it does not. 

8. On the MC6809, the E status bit is checked during RTI to determine how much to unstack — the complete register comple- 
ment or just the Stack register and Return Address. 

9. SWI sets bits F and I: SWI2 and SWI3 have no effect on F and I. 

,10. These instructions are implemented on the MC6800 with slightly different mnemonics, as discussed above. 

11. This instruction is implemented on the MC6800 as PSH. 

12. This instruction is implemented on the MC6800 as PUL. 
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In Table 9-22, the following symbols are used in addition to those used in Table 9-1. 


ACD,D 

b0-b7 

U 

Y 

DP 

Accumulator D 

Bits of Post Byte or other registers 

User Stack Pointer 

Y Index Register 

Direct Page Register 


B4 

DISP16 

REG 

Instruction Byte 4 

A 16-bit, twos complement displacement 

A 16-bit register (S, U, X, or Y, as the context demands) 


[PC'] 

Contents of the Program Counter after it has "stepped over” the offset bytes in 
tion — thus, PC' is the address of the next instruction in sequence. 

a multi-byte instruc- 

R1, R2 

Register pairs, both 8-bit or both 16-bit 


LIST 

List of registers to be stored on or retrieved from the Stack 


EA 

Effective Address 


OFFSET.R 

This symbology is used to denote all forms of indexed addressing and all forms of indirect addressing. For 
this addressing scheme, the total byte count is the sum of the base count indicated in Table 9-22 and the 
appropriate value from the following chart 




Non-indirect 


Indirect 


Type 

Form 

Assembler 

Post-Byte 

s 

Assembler 

Post-Byte 

a> 

> 



Form 

Op-code 

m 

Form 

Op-code 

m 


No Offset 

, R 

1RR00100 

0 

mKm 

1RR10100 

0 

Constant Offset from R 

5-Bit Offset 

n, R 

ORRnnnnn 

0 


defaults to 8-bit 



8-Bit Offset 

n, R 

1RR01000 

1 


1RR11000 

1 


1 6-Bit Offset 

n, R 

1RR01001 

2 


1RR1 1001 

2 


A — Register Offset 

A, R 

1RR00110 

0 

[A,R] 

1RR101 10 

0 

Accumulator Offset 

B — Register Offset 

B, R 

1RR00101 

0 

[B, R] 

1RR10101 

0 


D — Register Offset 

D, R 

1RR01011 

0 

[D, R] 

1RR1 101 1 

0 


Increment by 1 

, R + 

1RR00000 

0 


not allowed 


Auto Increment/ 

Increment by 2 

, R + + 

1RR00001 

0 

[, R + +1 

1RR10001 

0 

Decrement R 

Decrement by 1 

, -R 

1RR00010 

0 


not allowed 



Decrement by 2 

, --R 

1RR00011 

0 

[. R] 

1RR1001 1 

0 


8-Bit Offset 

n, PCR 

1XX01 100 

B 

[n, PCR] 

1XX1 1100 

B' 

Constant Offset from PC 

1 6-Bit Offset 

n, PCR 

1XX01101 

H 

[n, PCR] 

1XX11101 

B 

Extended Indirect 

1 6-Bit Address 

— 

— 

- 

[n] 

10011111 

3 


R = X, Y. U, or S 
X = Don't Care 


Note: This chart conforms to Motorola nomenclature; their use of square brackets [ ] indicates to the assembler that the addressing 
mode is indirect — thus, their use of [ ] differs from the use in Table 9-22. 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 

E 

F 

C 

z 

s 

V 

H 

1 


LDD 

ADR8 

2 




X 

X 

0 



[ACA] — [MEM], [ACB] — [MEM -t- 1] 



ADR 16 

3 









Load double Accumulator using base page direct, extended direct, indirect or 



OFFSET.R 

2+ 









indexed addressing. 

o 

STD 

ADR8 

2 




X 

X 

0 



[MEM] — [ACA], [MEM + 1] [ACB] 

z 

UJ 


ADR 16 

3 









Store double Accumulator using direct, extended, indirect or indexed 

oc 

UJ 


OFFSET.R 

2-1- 









addressing. 


LDU 

ADR8 

2 




X 

X 

0 



[REG(Hl)] — [MEM], [REG(LO)] — [MEM + 1] 

c 

>- 


ADR 16 

3 









Load specified register (U or Y) using direct, extended, indirect or indexed ad- 

cc 

o 


OFFSET.R 

2+ 









dressing. 


LDY 

ADR8 

3 




X 

X 

0 



Sign status reflects REG bit 15. 

m 

S 


ADR 16 

4 










> 


OFFSET.R 

3+ 










< 

STU 

ADR8 

2 




X 

X 

0 



[MEM] — [REG(HI)], [MEM -Li] — [REG(LO)] 



ADR 16 

3 









Store contents of specified register (U or Y) using direct, extended, indirect or 

0. 


OFFSET.R 

2-1- 









indexed addressing. Sign status reflects REG bit 15. 


STY 

ADR8 

3 




X 

X 

0 






ADR 16 

4 












OFFSET.R 

3-^ 











ADDD 

ADR8 

2 



X 

X 

X 

X 

X 


[ACD] — [ACDl + [MEM]; [MEM -t- 1] 



ADR 16 

3 









Add 1 6-bit value from locations MEM and MEM -L 1 to D Accumulator using 



OFFSET. R 

2+ 









direct, extended, indirect or indexed addressing. 


CMPD 

ADR8 

3 



X 

y 

X 

X 



[ACD] - [MEM]: [MEM -1- 1] 

UJ 

o 


ADR16 

4 




m 





Compares 1 6-bit number from locations M and M + 1 with contents of D Ac- 

z 


OFFSET.R 

3-1- 




m 





cumulator and sets status bits as appropriate. Only Status register is affected. 

OC ^ 

CMPS 

ADR8 

3 



X 

D 

X 

X 



[REG] - [MEM]; [MEM -L 1] 

U. H 

UJ ^ 

CMPU 

ADR 16 

4 









Compares 16-bit number from locations M and M + 1 with contents of 

cc S 

CMPY 

OFFSET.R 

3-t- 









register (S, U, Y or X) specified in the mnemonic and sets status bits as ap- 

o o 

CMPX 

ADR8 

2 



X 

X 

X 

X 



propriate. Only Status register is affected. 

s ^ 


ADR16 

3 










Ic o 


OFFSET.R 

2+ 










1 ^ 

OC ^ 

LSL 

ADR8 

2 



X 

X 

X 

X 



j c j-<g — 1 7 oJ-4| — 0 0 = b7 -V- be 

< I 

o 


OFFSET.R 

2+ 









[M] 

z 

o 












Logical Shift Left. 

o 

UJ 

SUBD 

ADR 8 

2 



X 

D 

X 

X 



[ACD] — [ACD] - [MEM]: [MEM + 1] 



ADR 16 

3 




y 





Subtract 1 6-bit number contained in locations MEM and MEM + 1 from num- 



OFFSET.R 

2+ 




y 





ber contained in D Accumulator using direct, extended, indirect or indexed ad- 








■ 





dressing. 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 








STATUS 



TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 






OPERATION PERFORMED 

E 

F 

C 

z 

s 

V 

H 

1 






UJ 

LDD 

DATA16 

3 




X 

X 

0 



[ACAl ^ [B2], [ACB] — [B31 

K 

< 












Load Accumulator immediate. Sign 

O 

UJ 

LDU 

DATA 16 

3 




X 

X 

0 



[U(HI)) — [B2), [U(L0)] — [B3] 

s 












Load User Pointer immediate. reflects 













bit 1 5 


LDY 

DATA16 

4 




X 

X 

0 



[Y(HI)) — [B3], [Y(L0)] [BA] 


ADDD 

DATA 16 

3 



X 

X 

X 

X 

X 


[ACD] — [ACD] + [B2]: [B3] 

UJ 












Add 16-bit number following Op-code to contents of D Accumulator. 

SUBD 

DATA 16 

3 



X 

X 

X 

X 



[ACD] — [ACDI-IB2]; [B3] 

< 

cc 

Ul 












Subtract 1 6-bit number following Op-Code from contents of D Accumulator. 

o 

CMPD 

DATA 16 

4 



X 

X 

X 

X 



[ACD] - [B3]: [B4] 













Compare immediate contents of D Accumulator and 1 6-bit number following 

Q 












(two byte) Op-code. Only status bits are affected. 

UJ 

5 

CMPS 

DATA 16 

4 



X 

X 

X 

X 



[REG] - [B3]; [B4] 

2 

CMPU 











Compare immediate contents of designated Register (S, U, Y or X) specified 


CMPY 











in instruction with 1 6-bit number following (two byte) Op-code. Only Status 


CMPX 

DATA 16 

3 



X 

X 

X 

X 



bits are affected. 


LBRA 

DISP16 

3 









[PC] — [PC'] + DISP16 













Unconditional long branch relative to present Program Counter contents. 

0. 

S 

LBSR 

DISP16 

3 









[[SP] - 1] — [PC(LO)], [[SP] - 2] — [PC(HI)], [SP] — [SP] - 2 

D 

n 












[PC] — [PC’] + DISP16 













Unconditional long branch to subroutine located relative to present Program 
Counter contents. 













[PC] — [PC'] + DISP if condition true 

2 

BHS 

DISP 

2 









C = 0 

o 

BLO 

DISP 

2 









C = 1 

H 

5 

z 

o 

u 

z 

o 

- X 

u 

z 

< 

oc 

m 












[PC] *— [PC'] - 1 - DISP 1 6 if condition true 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 







STATUS 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 


OPERATION PERFORMED 

E 

F 

C 

Z 

s 

-V 

H 

1 







LBCC 

DISP16 

4 











LBCS 

DISP16 

4 










3 

C 

LBEQ 

DISP16 

4 










C 

LBGE 

D1SP16 

4 










O 

LBGT 

D1SP16 

4 










z 

LBHI 

DISP16 

4 










o 

LBHS 

DISP16 

4 










D 

LBLE 

DISP16 

4 









Conditions are the same as shown in the Branch On Condition Table for the 

Z 

o 

LBLO 

DISP16 

4 









MC6800. 

o 

LBLS 

DISP16 

4 










z 

o 

LBLT 

DISP16 

4 










X 

LBMI 

D1SP16 

4 










o 

Z - 

LBNE 

DISP16 

4 










< 

ce 

LBPL 

D1SP16 

4 










m 

LBVC 

DISP16 

4 











LBVS 

D1SP16 

4 










UJ 

O > 

EXG 

R1, R2 

2 









(Rll- tR2] 













Exchange contents of specified registers. Status register not affected unless 

OC ^ 

iU QC 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

R1 or R2 is Status register. 

H lu 

£2 H 

TFR 

R1, R2 

2 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

IR2] — [R1] 

o « 

5ji 5 

OC UJ 

OC 




1 

1 

1 

1 

1 

1 

1 

1 

Transfer contents of R1 to R2. Status register is not affected unless R2 is 
Status register. 


ABX 


1 

■ 

■ 

■ 

■ 

■ 

{■ 

■ 

■ 

IX] - [X] + [B] 





■ 








Add unsigned contents of B Accumulator to Index register. 


MUL 


1 

■ 

H 

H 

X 

H 




[D] - [A] X [B] 





■ 

H 

H 


H 




Multiply unsignecf' numbers in Accumulators A and B and place result in D. 

OC 

Ui 




■ 








Carry bit is set if Accumulator B bit 7 is set. 

h“ 

(0 

SEX 


1 

■ 

H 

H 

Q 

Q 

0 



[A] *— FFi 0 if Accumulator B bit 7 = 1 

5 “ 




■ 

H 

H 

m 

m 




[A] — 00i 5 if Accumulator B bit 7 = 0 

OC UJ 

UJ 0. 




1 

1 

1 

1 

1 


1 

1 

Transform an 8-bit twos complement number in B to a 1 6-bit twos comple- 
ment number in D. 

H- o 




■ 

H 


■ 




^B 


o 







■ 






OC 




1 

1 

1 


1 


1 

1 










STACK REGISTER OPERATE 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 


E F C Z S V H I 


X X X X 


OPERATION PERFORMED 


IS] — EA 

[U] *— EA jg Effective 

[XI — EA Address 

lY] - EA 

Form the Effective Address EA according to the addressing variation used. 
Load this address into designated register (for later use) rather than output- 
ting it on Address Bus at this time. 


IZh— I 


0 9 = b7AAb6 



Test Post Byte and stack as follows. 

Condition: 

b7 = 1 ; [SP] — ISP] -1 , IISPl] — IPCILO)] 

[SP] — ISP] - 1, [[SP]] — [PC(HI)] 
b6 = 1 ; [SP] [SP] - 1 , [[SP]] — [U(LO)] 

[SP] — [SP] - 1. [[SP]] -[U{HI)] 
b5 = 1 ; [SP] — [SP] - 1 , [[SP]] — [Y(LO)] 

[SP] — [SP]-1, [[SP]] — [Y(HI)] 
b4 = 1 ; [SP] — [SP] - 1 , [[SP]] — [X(LO)] 

[SP] — [SP]-1, [[SP]] — [X(HI)] 
b3 = 1 ; [SP] — [SP] - 1 , [[SP]] — [DP] 
b2 = 1 ; [SP] — [SP] - 1 , [[SP]] — [B] 
b1 = 1; [SP]- [SP]-1, [[SP]1-[A] 
bO = 1 ; [SP] — [SP] - 1 , [[SP]] — [SR] 

Push any, all, none or any subset of registers onto Hardware Stack (except the 
Hardware Stack Pointer itself). 



STACK (Continued) 



Instructions for the MC6809 (Continued) 


OPERATION PERFORMED 


Test Post Byte and stack as follows. 

Condition: 

b7= 1; (U]-[U]- 1, [[U]]*-[PC(LO)l 
[U]-[U1- 1, [[U]] - [PCIHDl 
b6 = 1 ; [U] — [U] - 1 , null — [SP(LO)] 

[U)-[U]- 1, [[UII-[SP(HI)] 
b5 = 1 ; [U] - [U] - 1 , [[U]] - lY(LO)] 

[UI-[U]- 1. [[U]]-[Y(HI)] 
b4 = 1 ; [U] — [U] - 1 , [[U]] — [X(LO)l 
[U] - [U] - 1 . [[UJ] - [X{HI)] 
b3= 1; [UJ — [U]-1, [[Ull — [DP] 
b2= 1; [UJ— [U]-1, [[UI]*-^ 
b1 = 1; [U]-[U]- 1, [[U]]-[A] 
bO= 1; [U]-[U]- 1, [[U]]-[SR] 

Push any, all, none or any subset of registers onto User Stack (except the User 
Stack Pointer itself). 

Test Post Byte and unstack as follows. 

Condition: 

bO = 1 ; [SR] — [[SP]], [SP] [SP] + 1 
b1 = 1 ; [A] — [[SP]], [SP] ^ [SP] + 1 
b2 = 1 ; [B] — [[SP]], [SP] — [SP] +1 
b3 = 1 ; [DP] — [[SP]], [SP] — [SP] + 1 
b4 = 1 ; [X(HI)] ^ [[SP]], [SP] — [SP] + 1 
[X(LO)] - [[SP]], [SP] - [SP] + 1 
b5 = 1; [Y(HI)] ^ [[SP]], [SP] — [SP] + 1 
[Y(LO)] - [[SP]], [SP] - [SP] + 1 
b6 = 1; [U(HI)] — [[SP]], [SP] — [SP] + 1 
[U(LO)] - [[SP]], [SP] - [SP] + 1 
b7 = 1 ; [PC(HI)] »- [[SP]], [SP] *- [SP] + 1 
[PC(LO)] — [[SP]], [SP] — [SP] + 1 

Pull any, all, none or any subset of registers from Hardware Stack (except the 
Hardware Stack Pointer itself). The Status register bits are determined by 
byte pulled from Stack. 



STACK (Continued) 


Table 9-22. A Summary of the New and 
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Instructions for the MC6809 (Continued) 


OPERATION PERFORMED 

Test Post Byte and unstack as follows. 

Condition; 

bO = 1 ; [SR] - [[U]), [U] — [U1 -F 1 
b1 = 1; [Al-IIUD, IU]-[U] + 1 
b2 = 1 ; [B] - [[U]], [U] - [U] + 1 
b3 = 1; [DP] — [[UJ], [U] — [U] + 1 
b4 = 1 ; [X(HI]] — [[U]], [U] — [U] + 1 
[X(LO]] - [[UJ], [U] - [U] + 1 
b5 = 1; [Y(HI]I - [[Uj], [U] - [U] + 1 
[Y(LO)] — [[Ull, [U] — [U] -H 1 
b6 = 1 ; [SP(HI]] — [[U]], [U] — [U] -H 1 
[SP(LO]] - [[U]], [U] - [U] + 1 
b7 = 1 ; [PC(HI]] — [[U]], [UJ — [U] -I- 1 
[PC(LO]] - [[U]], [U] - [U] + 1 

Pull any, all, none or any subset of registers from User Stack (except the User 
Stack Pointer itself). Status register bits are determined by byte pulled from 
Stack. 

Pull registers from Hardware Stack in accordance with value of E of Status 
Register. 

If E = 0, pull the subset. 

[SR] — [[SPJ], [SP] ^ [SP] + 1 
IPC(HI]] — [[SP]], [SP] — [SP] + 1 
(PCdO)] — [[SP]], [SP] [SP] + 1 
If E = 1 , pull the full complement. 

(SR] — [[SP]], [SP] — [SP] + 1 

[A] -[[SP]], [SP]-[SP] + 1 

[B] - [[SP]]. [SP] - [SP] + 1 
[DP] ^ [[SP]], [SP] — [SP] + 1 
[X(HI]] - [[SP]], [SP] -[SP] + 1 
[X(LO]] - [[SP]], [SP] - [SP] + 1 
[Y(HI]] - [[SP]], [SP] - [SP] + 1 
[Y(LO]] - [[SP]], [SP] — [SP] + 1 
[U(HI]] - [[SP]], [SP] - [SP] + 1 
IU(L0]] — [[SP]], [SP] — [SP] + 1 
(PC(HI]] — [[SP]], [SP] — [SP] +1 
[PC(LO]] — [[SP]], [SP] — [SP] + 1 

Status bits are as received from Stack. 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 

E 

F 

C 

z 

s 

V 

H 

1 

INTERRUPT (Continued) 

CWAI 


2 









[SR] [SR] A [B2] This may clear SR bits. 

E — 1 

[SP]*-[SP]-1, [[SP]]-[PC] 

[SP] — [SP]-1, [[SP]]*-[PC] 

[SP] — [SP]-1, [[SP]]— [U] 

[SP] — [SP]-1, [[SP]]— [U] 

[SP] — [SP]-1, [[SP]] — [Y] 

[SP] — [SP]-1, [[SP]]— [Y] , 

[SP] — [SP]-1, [[SP]]-[X] 

[SP]-[SP]-1, [[SP]]— [X] 

[SP] — [SP]-1, [[SP]] — [DP] 

[SP] — [SP]-1, [[SP]]— [B] 

[SP]-[SP]-1, [[SP]]-[A] 

[SP]-[SP]-1, [[SP]]— [SR] 

Pushes registers onto Stack and waits for an interrupt. When non-masked in- 
terrupt occurs, vectors to corresponding interrupt service routine. FIRQ enters 
its service routine with all registers saved, but since E = 1, they will unstack 
correctly on RTl. (System busses are not floated by CWAI.) 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 


TYPE 

MNEMONIC 

OPERAND(S) 

BYTES 

STATUS 

OPERATION PERFORMED 






'' 


■ 

INTERRUPT (Continued) 

SWI 

SWI2 

SW13 

SYNC 


1 

2 

2 

1 









E^1 

(SPl - [SP] - 1 , [[SPll - [PC{LO)l \ 

[SP] — [SPl - 1 , [[SPll — [PC(HI)1 1 
[SP]*-[SP]-1, [[SP]] — [U(LO)] 1 

[SP] — [SP] - 1 , [[SP]] — [U(HI)] 1 

[SP] — [SP] - 1 , [[SP]] — [Y(LO)] I 
[SP] — [SP] - 1 , [[SP]] — [YIHD] \ 

[SP] — [SP] - 1 , [[SP]] — [X(LO)] / 

[SP] — [SP]-1, [[SP]] — [X(HI)] 1 

[SP] — [SP]-1,[[SP]] — [DP] 1 

[SP]-[SP]-1, [[SP]]-[B] 1 

[SP]— [SP]-1, [[SP]] — [A] 1 

[SP] — [SPl-1, [[SP]] — [SR] / 

1 — 1 , F — 1 , [PC] — [FFFA] : [FFFB] 

Transfer control to interrupt subroutine. 

E — 1 

Push registers onto Hardware Stack (same as above). -<3 

[PC] — [FFF4]: [FFFB] 

Transfer control to interrupt subroutine. 

E — 1 

Push registers onto Hardware Stack (same as above).-'<l 

[PC] — [FFF2]: [FFF3] 

Transfer control to interrupt subroutine. 

Stop processing instructions; float system busses; wait for an intc 
an interrupt occurs, resume processing as follows; 

i) If interrupt is enabled, transfer to the service routine. 

ii) If interrupt is disabled, continue execution at next instruction 

rrupt. When 

in sequence. 

STATUS 

ANDCC 

ORCC 

DATA 

DATA 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

[SR] — [SR] A DATA 

AND immediate. Used to clear SR bits. 

[SR] — [SR] V DATA 

OR immediate. Used to set SR bits. 

■ 

■■ 

DISP 

D1SP16 

2 

4 

1 

1 

1 

1 

1 

1 

1 

1 

Branch Never. This is a No Operation 

Long Branch Never. This is a No Operation. 











DATA SHEETS 


This section contains specific electrical and timing data for the following devices; 

. MC6800 CPU 

• MC6802 CPU/RAM 

• MC6870A Clock 

• MC6871A Clock 
. MC6871B Clock 

• MC6820 PIA 

. MC6850 ACIA 

• MC6852 SSDA 

• MC6840 PTM 

. MC6844 DMAC 
. MC6846 ROM-I/O-Timer 

• MC6801 One-Chip Microcomputer 
. MC6809 CPU 
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MC6800, MC68A00, MC68B00 


TABLE 1 - MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

Vin 

-0.3 to +7.0 

Vdc 

Operating Temperature Range— T l to T^ 
MC6800, MC68A00, MC68B00 

MC6800C, MC68A00C 

MC6800BQCS, MC6800CQCS 

Ta 

0 to +70 
-40 to +85 
-55 to +125 

°C 

Storage Temperature Range 

Tstq 

- 55 to +150 

°C 

Thermal Resistance 

Plastic Package 
Ceramic Package 

flJA 

70 

50 

°CM 


This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be takert to avoid appli- 
cation of any voltage higher than maximum 
rated voltages to this high impedance circuit. 


TABLE 2 - ELECTRICAL CHARACTERISTICS (Vcc = 5.0 v, ± 5%, Vss “ 0, T/\ = Tl to Th unless otherwise noted) 


Input High Voltage 


Input Low Voltage 


Input Leakage Current 

(V|n = 0 to 5.25 V, Vcc = max) 
(Vjn = 0 to 5.25 V, Vqc = 0.0 V) 


Three-State (Off State) Input Current 
(Vin = 0.4 to 2.4 V, Vqc “ max) 


Output High Voltage 

•'Load ^ -205 pAdc, Vqc = f^ih) 

(iLoad “ ■^'*5 pAdc, Vcc = ftiin) AO 

I'Load = -100 pAdc, Vcc = 


Output Low Voltage (iLoad ° 1-6 mAdc, Vcc “ Tiinl 


Power Dissipation 


Capacitance 

IVin = 0, Ta * 25°C, f = 1 .0 MHz) 


Logic* 
01 ,02 


DO-D7 

A0-A15,R/W 


^ 0-07 

A0-A15,R/W,VMA 

BA 


01 

02 
D0-D7 
Logic inputs 
A0-A15,R/W,VMA 



TABLE 3 — CLOCK TIMING (Vcc “ 0.0 V. t5%,Vss“0,TA ^TlIoTh unless otherwise noted) 


Characteristics 


Frequency of Operation MC6800 

MC68A00 

MC68B00 


Clock Pulse Width 01,02- MC6800 

.'(Measured at Vcc ”0.6 VI 01,02 — MC68A00 

01,02 -MC68B00 


Total 01 and 02 Up Time MC6800 

MC68A00 

MC68B00 


Rise and Fall Times 

(Measured between Vss + 0.4 and Vcc - 0.6) 


Delay Time or Clock Separation (Figure 1 ) 

(Measured at Vgv = Vss 0-6 V (9) tf = tf < 100 ns) 
(Measured at Vqv ” Vss + 1 0 V (g) t^ = tf < 35 ns) 


Cycle Time (Figure 1 ) MC6800 

MC68A00 

MC68B00 


Clock Pulse Width 

.'(Measured at Vcc ”0.6 VI 


Total 01 and 02 Up Time 



Data stieets on pages 9-D2 througli 9-D30 reprinted by permission of Motorola Semiconductor Products, Inc. 
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MC6809, MC68A09, MC68B09 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V +5%. Vss = 0, Ta = 0 to 70°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 


Max 

WSSM 

Input High Voltage 

Logic, EXtal 

V|H 

Vss + 2.0 


vdd 

Vdc 


RESET 


Vss + 4,0 


Vdd 


Input Low Voltage 

Logic, EXtal, RESET 

ViL 

Vss - 0.3 

- 

Vss + 0.8 

Vdc 

Input Leakage Current 

Logic 

•in 

— 

1.0 

2.5 

/zAdc 

(Vjn = 0 to 5.25 V, VcC = max) 







Output High Voltage 


VOH 




Vdc 

(iLoad = -205 fjAdc. Vcc = min) 

D0-D7 


Vss + 2.4 


— 


(iLoad = -145 fjAdc, Vcc = min) 

A0-A15, R/W, Q, E 


Vss + 2.4 


— 


(iLoad = -100 fjAdc, Vcc = min) 

BA, BS 


Vss + 2.4 


— 


Output Low Voltage 


VOL 

— 

— 

Vss +0.5 

Vdc 

(iLoad = 2.0 mAdc, Vcc = min) 







Power Dissipation 

pd 

- 

- 

1.0 

W 

Capacitance H 


Cin 




pF 

(Vin = 0, Ta = 25''C, f = 1.0 MHz) 

D0-D7 


— 

10 

15 



Logic Inputs, EXtal 


— 

7 

10 



A0-A15, R/W 

Cout 

— 

— 

12 


Frequency of Operation 

MC6809 

f 

— 


4 

MHz 


MC68A09 

fXTAL 

— 


6 


(Crystal or External Input) 

MC68B09 

fXTAL 

— 


8 


Three-State (Off State) Input Current 

D0-D7 

'tsi 

— 

2.0 

10 

fjAdc 

(Vjn = 0 4 to 2.4 V, VcC = max) 

A0-A15, R/W 


— 

— 

100 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

Vin 

-0.3 to +7.0 

Vdc 

Operating Temperature Range 

Ta 

0 to +70 

'^C 

Storage Temperature Range 

Tstg 


“C 

Thermal Resistance 

Bja 

70 

OC/W 


READ/WRITE TIMING (Reference Figures 1 and 2) 



Data sheets on pages 9-D31 through 9-D39 reprinted by permission of Motorola Semiconductor Products, Inc. 
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MC6809, MC68A09, MC68B09 



MEMORY OR PERIPHERALS 


'CYC 

ml L 


2T^ 


.0.5 V 



’1 


\ 




'AH- 





.^ 53 - 

— 'ACC m 

4-'DSR-^ 


^ tDHR 


DATA VALID 





1 1 








MC6809, MC68A09, MC68B09 


BUS TIMING TEST LOAD 


4.75 V 



C = 30 pF for BA, BS R = 1 1 .7 kO for D0 D7 

130 pF for D0-D7, E. Q 16 5 kO for A0 A15, E, Q 
90 pF for A0 A1 5, R/W 24 kO for BA, BS 
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'Note Pans with date codes prefixed by 7F will come out of Reset one cycle sooner than shown 

CRYSTAL CONNECTIONS AND OSCILLATOR START UP 


VdD ^ 

75 V 

E 

; ( 

reset 

/ 


IRC '■ 




Y1 

Cin* 

Cout 

8 MHz 

18 pF 

18 pF 

6 MHz 

20 pF 

20 pF 

4 MHz 

24 pF 

24 (iF 


MC6809 

38 Y1 39 


6809 Crystal Parameters* 



3.58 MHz 

4.00 MHz 

6.0 MHz 

8.0 MHz 

RS 

60 0 

50 O 

30-50 O 

20-40 O 

Co 

3.5 pF 

6.5 pF 

4-6 pF 

4-6 pF 

Cl 

015 pF 

025 pF 

01- 02 pF 

01 02 pF 

Cin. Cout 

25 pF 

25 pF 

25 pF 

25 pF 

Q 

40 K 

30 K 

20 K 

20 K 


All Parameters Are ' 10% 

"Note: These are representafive AT-cut crystal parameters only. 
Crystals of other types of cut that work may also be used 
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MC6809, MC68A09, MC68B09 
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MC6809, MC68A09, MC68B09 



dIviavma 


\ 


ADDRlMPU) 



ADDRIDMACI 

NOTE: 

DMAVMA IS <'i signal which 
IS (Icviilopecl I'xKirnallv hnl 
IS a system refiuirenuMit fnr DMA 



DMAVMA 
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If the mask bit is set when the interrupt is requested 
processing will continue with instruction execution 
fetched from previous step. However, if an NMI or an 
unmasked FIRQ or IRQ caused interrupt, the address 
placed on bus from previous cycle (M ♦ 11 remains on 
bus and processing continues with this cycle as 
(m + 1) or (n + 1) of interrupt timing, 

I f mask bits are clear I RQ & F I RQ must be held low 
for three cycles to guarantee interrupt to be taken, 
although only one cycle is necessary to bring the 
processor out of SYNC. 



■tPCS 


MC6809, MC68A09, MC68B09 
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